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The Comfortable Choice 
for Angiography 











A higher comfort level for you and your patients 


A 


Sensations of pain and heat are felt Less severe pain in peripheral procedures’ 
by almost all patients undergoing 
angiographic studies and can be Hexabrix 
severe enough to cause movement 
and spoil the study. In clinical trials, 
patients show consistently greater Diatrizoate-60% 
tolerance to Hexabrix than to other 
contrast agents. In a controlled, 


lohexol-300 








double-blind study, 40% of 126 bn 

patients reported severe pain with Less heat and pain in abdominal aortography” 
diatrizoate-60%, and 10% reported 

severe pain with iohexol-300. There Hexabrix 

was no incidence of severe pain lohexol-350 

with Hexabrix. 

lopamidol-370 

During abdominal aortography, 

patients experienced significantly less ‘Patient assessment of heat using a scale of 0 to 10 where 0 = no warmth and 10 = “on fire." 

heat and pain with Hexabrix than with nll 

iopamidol-370 and iohexol-350. pi 

Hexabrix was also significantly more Less patient discomfort in carotid arteriography* 
comfortable than iopamidol-300 
or iohexol-300 during carotid Hexabrix 

arteriography.’ 


lohexol-300 
Less patient discomfort, less patient 


movement, and fewer retakes... that’s 
what makes H exabrix the comfortable Mean discomfort score for the three contrast agents (78 patients receiving two injections of each agent), 
where a score of 1 = least discomfort and 3 = most discomfort. 


choice... for you and your patients. §P<.05 vs iohexol-300; P<.001 vs iopamidol-300. 
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HEXABRIX’ 


(ioxaglate meglumine 39.3%/ 
loxaglate sodium 19.6% injection) 


The Comfortable Choice 


tLicensed by Guerbet, S.A. Registered U.S. Patent and Trademark Office. 
Please see adjacent brief summary of prescribing information. 


lopamidol-300 





—— 
HEXABRIX (ioxaglate meglumine 39.3%/ ioxaglate sodium 19.6% injection) 


HEXABRIX” 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer. The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography. Refer 
to PRECAUTIONS concerning hypersensitivity. Hysterosal- 
pingography should not be performed during the menstrual 
period: in pregnant patients; in patients with known infection 
in any portion of the genital tract; or in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed if infection is 
present in or near the joint. 


WARNINGS 


lonic iodinated contrast media inhibit blood coagulation, in 
vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes 
containing ionic contrast media. 

Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic con- 
trast media. Therefore, meticulous intravascular administra- 
tion technique is necessary, particularly during angiographic 
procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems and/ 
or three-way stopcocks, frequent catheter flushing with hepa- 
rinized saline solutions and minimizing the length of 
the procedure. The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate the 
likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the 
administration of iodine containing radiopaque media. It is of 
utmost importance to be completely prepared to treat any con- 
trast medium reaction. 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriogra- 
phy of vessels supplying the spinal cord. The injection of a 
contrast medium should never be made following the admin- 
istration of vasopressors, since they strongly potentiate neu- 
rologic effects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deteriora- 
tion, including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. 
In such instances anuria has developed, resulting in progres- 
sive uremia, renal failure and eventually death. Although nei- 
ther the contrast agent nor dehydration has separately 
proved to be the cause of anuria in myeloma, it has been 
speculated that the combination of both may be a causative 
factor. The risk in myelomatous patients is not a contraindi- 
cation to the procedure; however, partial dehydration in the 
preparation of these patients for the examination is not rec- 
ommended since this may predispose to precipitation of 
myeloma protein in the renal tubules. No form of therapy, 
including dialysis, has been successful in reversing the 
effect. Myeloma, which occurs most commonly in persons 
over 40, should be considered before instituting intravascular 
administration of contrast agents. 

Administration of radiopaque matenals to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. If, in the opinion of the physi- 
cian, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; how- 
ever, the amount of radiopaque medium injected should be 
kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for 
sickle cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need 
for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an addi- 
tional risk 

Renal failure has been reported in patients with liver dys- 
function who were given an oral cholecystographic agent fol- 
lowed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics 
and hypertensives. In these classes of patients there should 
be no fluid restriction and every attempt made to maintain 
normal hydration prior to contrast medium injection, since 
dehydration is the single most important factor influencing 
further renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm occurring following the intravas- 
cular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 
Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particu- 
lar procedure to be performed. All procedures utilizing 
contrast media carry a definite risk of producing adverse 
reactions. While most reactions are minor, life-threatening 
and fatal reactions may occur without warning, and this risk 
must be weighed against the benefit of the procedure. A fully 
equipped emergency cart, or equivalent supplies and equip- 
ment, and personnel competent in recognizing and treating 
adverse reactions of all types should always be available. If a 
serious reaction should occur, immediately discontinue 
administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent person- 


nel should be available for at least 30 to 60 minutes after 
administration. (See ADVERSE REACTIONS. ) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients. 

Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other manifesta- 
tions of allergy has been established. The possibility of 
an idiosyncratic reaction in patients who have previously 
received a contrast medium without ill effect should always 
be considered. Prior to the injection of any contrast medium, 
the patient should be questioned to obtain a medical history 
with emphasis on allergy and hypersensitivity. A positive his- 
tory of bronchial asthma or allergy (including food), a family 
history of allergy, or a previous reaction or hypersensitivity to 
a contrast agent may imply a greater than usual risk. Such a 
history may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the sever- 
ity or type of reaction in the individual case. A positive history 
of this type does not arbitrarily contraindicate the use of a 
contrast agent when a diagnostic procedure is thought essen- 
tial, but does call for caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present 
with a strong allergic history, a previous reaction to a con- 
trast medium, or a positive pre-test since in these patients 
the incidence of reaction is two to three times that of the gen- 
eral population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection 
and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injec- 
tion. Recent reports indicate that such pre-treatment does 
not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe 
should be used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, a higher inci- 
dence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and 
increase the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 
SPECIFIC PROCEDURES 


Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart 
failure, since this may lead to increased right side pressures 
with subsequent bradycardia and systemic hypotension. 
Patients with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis 
are more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left ven- 
triculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility 
of aggravating the pre-existing condition. Hypotension 
should be corrected promptly since it may result in serious 
arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) injec- 
tions. This change is usually transient and requires no treat- 
ment: however, the blood pressure should be monitored for 
approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is recom- 
mended. This is especially important in patients with severe 
arterial disease. 

Cerebral Angiography: Cerebral angiography should be per- 
formed with special caution in patients with advanced arterio- 
sclerosis, severe hypertension, cardiac decompensation, 
senility, recent cerebral thrombosis or embolism, and migraine. 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with IA-DSA are those usually attendant with 
catheter procedures. Following the procedure, gentle pres- 
sure hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is 
reduced when small test injections of contrast medium are 
made under fluoroscopic observation to insure that the cath- 
eter tip is properly positioned and, in the case of peripheral 
placement, that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected throm- 


bosis, phlebitis, severe ischemic disease, local infection or a 
totally obstructed venous system. 

Extreme caution during injection of contrast media is nec- 
essary to avoid extravasation and fluoroscopy Is recom- 
mended. This is especially important in patients with severe 
arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNINGS and PRECAUTIONS concerning preparatory 
dehydration. ) 

Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, includ- 
ing respiration, can markedly affect image quality. The use of 
an intravascular contrast medium can obscure tumors in 
patients undergoing CT evaluation of the liver. resulting in a 
false negative diagnosis. Dynamic CT scanning is the proce- 
dure of choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. Delayed 
onset of pain and fever (1-2 days) may be indicative of pelvic 
infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in 
males or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence 
of impaired fertility or harm to the fetus due to HEXABRIX. 
There are, however, no adequate and well controlled studies 
in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: loxaglate salts are excreted unchanged 
in human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has 
been established in pediatric angiocardiography and intrave- 
nous excretory urography. Data have not been submitted to 
support the safety and effectiveness of HEXABRIX in any 
other indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. Idiosyn- 
cratic reactions may or may not be dependent on the dose 
injected, the speed of injection, the mode of injection and the 
radiographic procedure. Idiosyncratic reactions are subdi- 
vided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxic- 
ity associated with agents of this class are theoretically pos- 
sible, and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the adminis- 
tration of HEXABRIX as well as other iodine-containing con- 
trast agents. Most deaths occur during injection or 5 to 10 
minutes later; the main feature being cardiac arrest with car- 
diovascular disease as the main aggravating factor. Isolated 
reports of hypotensive collapse and shock are found in the 
literature. Based upon clinical literature, reported deaths from 
the administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 
patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. Car- 
diac decompensation, serious arrhythmias, or myocardial 
ischemia or infarction may occur during coronary arteriog- 
raphy and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually 
of brief duration. In double-blind clinical trials, HEXABRIX 
produced less discomfort upon injection (pain and heat) 
when compared to various other contrast agents. Other reac- 
tions include the following: 

Hypersensitivity reactions: Dermal manifestations of urti- 
caria with or without pruritus, erythema and maculopapular 
rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to 
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the respiratory system include sneezing, nasal stuffiness, 
coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infre- 
quent reactions including asthmatic attack, laryngospasm 
and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reac- 
tions can progress into anaphylaxis with loss of conscious- 
ness, coma, severe cardiovascular disturbances, and death. 

Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely. 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency. cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management; 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis. vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, 
syncope, paresis, paralysis resulting from spinal cord injury 
and pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but 
may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills with- 
out fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without 
left ventriculography, patients may have clinically insignifi- 
cant ECG changes. The following adverse effects have 
occurred in conjunction with the administration of iodinated 
intravascular contrast agents for this procedure: hypoten- 
sion, shock, anginal pain, myocardial infarction, cardiac 
arrhythmias (bradycardia, ventricular tachycardia, ventricular 
fibrillation) and cardiac arrest. Fatalities have been reported. 
Complications to the procedure include dissection of coro- 
nary arteries, dislodgement of atheromatous plaques, perfo- 
ration, hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the percuta- 
neous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse 
reactions appear to be repeated injections of the contrast 
material, administration of doses higher than those recom- 
mended, the presence of occlusive atherosclerotic vascular 
disease and the method and technique of injection. Adverse 
reactions are normally mild and transient. A feeling of 
warmth in the face and neck is frequently experienced. Infre- 
quently, a more severe burning discomfort is observed. Tran- 
sient visual hallucinations have been reported. Serious 
neurological reactions that have been associated with cere- 
bral angiography and not listed under Adverse Reactions 
include stroke, amnesia and respiratory difficulties. Visual 
field defects with anopsia and reversible neurological 
deficit lasting from 24 hours to 48 hours have been reported. 
Confusion, disorientation with hallucination, and absence 
of vision sometimes lasting for one week have also been 
reported. Cardiovascular reactions that may occur with some 
frequency are bradycardia and either an increase or decrease 
in systemic blood pressure. The blood pressure change is 
transient and usually requires no treatment. Arthrography 
may induce joint pain or discomfort which is usually mild 
and transient but occasionally may be severe and persist for 
24 to 48 hours following the procedure. Effusion requiring 
aspiration may occur in patients with rheumatoid arthritis 
Fever and pain, cramping and tenderness of the abdomen 
have been reported following hysterosalpingography. 


OVERDOSAGE 


Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage. convulsions, 
coma and cardiac arrest. Treatment of an overdose is 
directed toward the support of all vital functions and prompt 
institution of symptomatic therapy. 

loxaglate salts are dialyzable. 

The intravenous LD5ọ values of HEXABRIX (in grams 
of iodine/kilogram body weight) were 11.2 g/kg in mice, 

- B g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg 
in dogs. 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 

Rev. Nov. 1989. 


References: 
1. Murphy G, Campbell DR, Fraser DB. Pain in peripheral 
arteriography: an assessment of conventional versus ionic 
and non-ionic low-osmolality contrast agents. J Can Assoc 
Radiol. 1988;39:103-106. 
2. Schwarten DE, Cutliffe WB. A comparison of Hexabrix, 
|sovue-370, and Omnipaque-350 in peripheral arteriography. 
Data on file, Mallinckrodt Medical, Inc. 
3. Smith DC, Yahiku PY, Maloney MD, et al. Three new low- 
osmolality agents: a comparative study of patient discomfort. 
AJNR. 1988:9:137-139. 


Changing the look of medicine." 


Mallinckrodt Medical, Inc. 


Post Office Box 5840 
St. Louis, MO 63134 


© 1991 Mallinckrodt Medical, Inc. 


4/91 MI22374 


+Licensed by Guerbet, S.A. Registered U.S, Patent and Trademark Office. 














CLARITY 


SSA-270A/ULTRASOUND IMAGE QUALITY 








The difference is visibly clear. It's a direct result of 30 years of transducer design experience. And it 


shows in our state-of-the-latest—Wide Band Imaging, Dynamic Echo Tracking, as well as our unique 
and innovative use of IC's in transducers. Which means increased penetration at any frequency and 
better near-field resolution. So you can do standard exams with higher frequency transducers. Not to 
mention our complete selection of transducers and scan formats—including our newest 7.5 MHz vascu- 
lar transducer. When you look at the total picture, Toshiba is clearly the leader in ultrasound technology. 


Call us and compare. Side-by-side. Head-to-head. Any way you look at it. Toshiba is tops, toe-to-toe. 
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SSA-270A/ULTRASOUND TECHNOLOGY 
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Technically speaking, Toshiba has a clear advantage. We manufacture our own electronic components. 
Even produce our own transducer crystals. So we don't have to pick parts off somebody elses shelf. Which 
gives us total manufacturing control. And allows us to offer the industry's most comprehensive 100% 
uptime guarantee. As well as our innovative leadership in array sector and convex transducers. Right up to 
our latest, Wideband Imaging and Dynamic Echo Tracking. Perhaps that's why we're number one in ultra- 
sound worldwide. When you look at the total picture, Toshiba is clearly the leader in ultrasound technology. 


Call us and compare. Side-by-side. Head-to-head. Any way you look at it. Toshiba is tops, toe-to-toe. 
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SSA-270A/ULTRASOUND UPGRADEABILITY 








Welcome to revision 70 


The future is clear with Toshiba. We're now on our seventh upgrade of the SSA-270A. And contrary 


to popular belief, we haven't done it with forklifts or facelifts. Instead, we do it with software and 
system architecture upgrades. Our latest features independent B-Mode and Color Doppler steering. A 
Low-Flow CDI Module and disposable needle guide. Increased CDI frame rate. Even new ergonomics to 
increase user friendliness. So you see, we not only keep up with your imaging needs today, we keep you in 
pace with tomorrow. When you look at the total picture, Toshiba is clearly the leader in ultrasound technol- 


ogy. Call us and compare. Side-by-side. Head-to-head. Any way you look at it. Toshiba is tops, toe-to-toe. 
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In Touch with Tomorrow 


TOSHIBA 





ALL THINGS BEING EQUAL, 
TOSHIBA HAS THE PLUS. 


SSA-270A/ULTRASOUND COMMITMENT 





© 1991 Toshiba America Medical Systems, Inc 


Clearly, our commitment is to make technology work for you. With a dedicated sales, service and 


applications staff. Free education programs. A proven history of upgradeability unusual for a Japanese 
ultrasound company. Plus a fierce focus on ultrasound—a very different attitude for a Total Imaging 
Company. Perhaps that’s why we're the fastest growing ultrasound company in the U.S. When you look at 
the total picture, Toshiba and our new SSA-270A clearly have the plus. And it all adds up to your advantage. 


i 


Call us and compare. Side-by-side. Head-to-head. Any way you look at it. Toshiba is tops, toe-to-toe. 
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TOSHIBA ULTRASOUND TOPS, TOETO-TOE. 


SEE...HEAR...RELAX 


with these new MRI Patient Relaxation Systems 
from Nuclear Associates 





Increase your MRI earnings by lowering your failure-to-scan rate! 
These patient-proven new products will increase throughput by 
reducing the claustrophobic/high anxiety problems patients experience. 


New! HI-TECH MRI oe td 


Advanced electronics makes | 
this leading-edge MRI Audio | 
System an elegantly simple | 
solution to one of your major | 
problems. Dedicated a 
microphone system is 
independent of the existing 
MRI intercom; enables more 
effective communication 
with patients 










è Unique patent 
pending headphone 
design blocks out up to 
92% of gradient noise. 


e Patients can bring their own tapes or CD's 
and listen to their favorite music. 


MOS-III MIRROR OPTICAL SYSTEM 


The MOS-III Mirror Optical System fits on the patient's face 

much like a pair of glasses and allows the patient to view pictures 
outside the scanner, thus reducing or eliminating anxiety. Six 
different first quality snap-in ophthalmic lenses, in a variety of 
powers, are included for patients who wear glasses. 








e SAVES TIME now being spent trying to get 
claustrophobic patients to take the exams. 

e PREVENTS LOSS OF EARNINGS by significantly 
reducing your failure-to-scan rate. 

e REDUCES FEAR AND ANXIETY of all patients when 
entering the scanner. 

e PAYS FOR ITSELF in a short period of time. 


For complete details on these exciting new products, 
request Bulletin 4573-44 





s- NUCLEAR ASSOCIATES Fisk 
° = Division of VICTOREEN, INC. 
100 VOICE ROAD ¢ P.O. BOX 349 MRI PATIENT RELAXATION SYSTEMS 
aep NY 11514-0349 U.S.A. Totally Guaranteed & Supported by 


Nuclear Associates National Sales/Service Network. 





FAX (516) 741-5414 


NEW MRI VIDEO SYSTEM AVAILABLE - CALL OR WRITE! 





All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less than ionic contrast media. Clotting has 





Nonionic OMNIPAQUE is 
used for more procedures 
than any other nonionic or 


* 


low osmolar contrast agent. 


The reason is simple. Nonionic OMNIPAQUE offers more 
than any other contrast agent. 


After more than 900 clinical studies worldwide, the superior 
safety profile of nonionic OMNIPAQUE is a fact* 


Nonionic OMNIPAQUE provides consistently excellent 
image quality. And that’s just one more reason why so many 
radiologists make nonionic OMNIPAQUE their first choice. 


Nonionic OMNIPAQUE has the widest range of adult and 
pediatric indications. So there’s less concern about limited use. 


With more concentrations and more packagings, nonionic 

OMNIPAQUE offers greater convenience, the best 
possible dosing flexibility, 
and the least waste. 


~~ Nonionic OMNIPAQUE provides 
what you deserve in a contrast agent— 
superior safety, outstanding images, unsurpassed flexibility. 


~U 
S 


In fact, every ten seconds in this country, nonionic 
OMNIPAQUE is the contrast agent of choice. 


No wonder. 


NONIONIC >) 
OMNIPAQUE D 
11e) 9, (e18) 


When it comes to safety, one image stands out. 


*Data on file, Sanofi Winthrop Pharmaceuticals. 


administration technique is necessary to minimize thromboembolic events. See next page for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, and prescribing and precautionary recommendations. 








OMNIPAQUE’ [140] 


INJECTION (IOHEXOL) 
INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile, pyrogen-free and preservative-free, nonionic, water-soluble radiographic 
contrast medium for intravascular administration in concentrations of 140, 240, 300, and 350 mgI/mL. OMNIPAQUE 140 
contains 302 mg of iohexol equivalent to 140 mg of i iodine per mL; OMNIPAQUE 240 contains 518 mg of iohexol 
equivalent to 240 mg of organic iodine per mL; OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 300 mg of 
organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic iodine per mL. 
Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edetate calcium disodium with the pH adjusted 
between 6.8 and 7.7 with hydrochloric acid or sodium hydroxide. Unused portions must be discarded. lohexol solution is 
sensitive to light and should be protected from exposure. 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to iohexol. 
WARNINGS—General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic contrast 
media. Clotting has been reported when blood remains in contact with syringes containing nonionic contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 
ok a procedures with both ionic and nonionic contrast media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, underlying disease state, and concomitant medica- 
tions, may contribute to the development of thromboembolic events. For these reasons, meticulous angiographic techniques 
are recommended including close attention to guidewire and catheter manipulation, use of manifold systems and/or three- 
way stopcocks, frequent catheter flushing with heparinized saline solutions and minimizing the length of the procedure. The 
= of plastic syringes in place of glass syringes has been reported to decrease but not eliminate the likelihood of in vitro 
clotting. 

OMNIPAQUE should be used with extreme care in patients with severe functional disturbances of the liver and kidneys, 
severe thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 3 mg/dL should not be examined 
unless the possible benefits of the examination clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria: 

Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
particularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has separately 

roven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be causative factors. 
€ risk in myelomatous patients is not a contraindication; however, special precautions are necessary. Partial dehydration in 
the preparation of these patients prior to injection is not recommended since this may predispose the patient to precipitation 
of the myeloma protein in the renal tubules. No form of therapy, including dialysis, has been successful in reversing the 
effect. Myeloma, which occurs most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease. 

Administration of radiopaque materials to patients known or suspected of having pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of radiopaque medium injected should be kept to 
an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and measures for the 
treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with hyperthyroidism 
or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in such patients before use 
of any contrast medium. 

Urography should be performed with caution in patients with severely impaired renal function and patients with combined 

renal and hepatic disease. 
PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should be 
carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the particular 
procedure to be performed. Appropriate facilities should be available for coping with any complication of the procedure, as 
well as for emergency treatment of severe reactions to the contrast agent itself. After parenteral administration of a 
radiopaque agent, competent personnel and rey facilities should be available for at least 30 to 60 minutes, since 
severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular—General). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), infants, 
and small children. Dehydration in these patients seems to be enhanced by the osmotic diuretic action of urographic agents. 
It is believed that overnight fluid restriction prior to excretory urography generally does not provide better visualization in 
normal patients. Patients should be well hydrated prior to and following administration of any contrast medium, including 
iohexol. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
patients (often elderly with preexisting renal disease) following excretory urography. Therefore, careful consideration of the 
potential risks should be given before performing this radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with caution in renal transplant recipients 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions should 
always be considered (see ADVERSE REACTIONS: Intravascula-—General). It is of utmost importance that a course of 
action be carefully planned in advance for immediate treatment of serious reactions, and that adequate and appropriate 
personnel be readily available in case of any reaction. 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS: Intravascular—General). The susceptible population includes, but is not limited to, patients with a history of a 
previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a known clinical 
hypersensitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, pretesting 
cannot be relied upon to predict severe reactions and may itself be hazardous for the patient. It is suggested that a thorough 
medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent where a 
diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS: Intravascular-— 
General). Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic reactions in such 
patients should be considered and administered using separale syringes. Recent reports indicate that such pretreatment 
does not prevent serious, life-threatening reactions, bul may reduce both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate-based ionic agents of 
compatable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be observed for several hours following the procedure 
to detect delayed hemodynamic disturbances. 

General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a higher 
incidence of adverse reactions has been reported in these patients and may be attributable to the inability of the patient to 
identify untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac output and increase the 
duration of exposure to the contrast agent 

Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of inducing 
thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall should be 
borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure proper catheter 
placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the expected benefits outweigh the 
potential risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphysema must be weighed 
against the necessity for performing this procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn intorthe 
syringe and used immediately. 

lf nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with traces of 
Cleansing agents. 

Parenteral products should be inspected ore for particulate matter and discoloration prior to 
administration. If particulate matter or discoloration is present, do not use. 

Information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle cell 
disease, or known thyroid disorder (see WARNINGS—General) 

3. Inform your physician if you are allergic to any drugs, food, or if you had any reactions to previous injections of dyes used 
for x-ray procedures (see PRECAUTIONS—General). 

4. Inform your physician about any other medications you are currently taking, including nonprescription drugs, before you 
are administered this drug. 

Drug/Laboratory Test Interaction: lí iodine-containing isotopes are to be administered for the diagnosis of thyroid 

disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 

administration. Thyroid function tests which do not depend on iodine estimation, eg, Ta resin uptake or direct 

thyroxine assays, are not affected. Many radiopaque contrast agents are incompatible in vitro with some antihistamines and 

many other drugs; therefore, no other pharmaceuticals should be admixed with contrast agents 


OMNIPAQUE® injection (iohexol 





Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been performed 
evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times tl 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not alwa 
predictive of human response, this drug should be used during pregnancy only if clearly needed 

Nursing Mothers: |t is not known to what extent iohexol is excreted in human milk. However, many injectable contra 
agents are excreted unchanged in human milk. Although it has not been established that serious adverse reaclions occur 
nursing infants, caution should be exercised when intravascular contrast media are administered to nursing women. Boll 
feedings may be substituted for breast feedings for 24 hours following administration of OMNIPAQUE 

Pediatric Use: Pediatric patients at higher risk of experiencing adverse events during contrast medium administration m; 
include those having asthma, a sensitivity to medication and/or allergens, congestive heart failure, a serum creatinine > 1 
HS or those less than 12 months of age. 

ADVERSE REACTIONS 

Intravascular—General: Adverse reactions following the use of OMNIPAQUE are usually mild to moderate in severi! 
However, serious, life-threatening, and fatal reactions, mostly of cardiovascular origin, have been associated with th 
administration of iodine-containing contrast media, including OMNIPAQUE. The injection of contrast media is frequent 
associated with the sensation of warmth and pain, especially in peripheral angiography; pain and warmth are less freque 
and less severe with OMNIPAQUE than with many contrast media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension (0.7% 
Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were reported with an individu 
incidence of 0.3% or less. In controlled clinical trials involving 1,485 patients, one fatality occurred. A cause and effe 
“moe between this death and iohexol has not been established. 

Nervous System: Vertigo [including dizziness and lightheadedness] (0.5%), pain (3%), vision abnormalities [includir 
blurred vision and photomas} (2%), headache (2%), and taste perversion (1%). Others including anxiety, blurred visio 
fever, motor and speech dysfunction, convulsion, paresthesia, somnolence, stiff neck, hemiparesis, syncope, shiverin 
transient ischemic attack, cerebral infarction, and nystagmus were reported, with an individual incidence of 0.3% or less 
Respiratory System: Dyspnea, rhinitis, coughing, and laryngitis, with an individual incidence of 0.2% or less. 
Gastrointestinal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea, dyspepsia, cramp, and d 
mouth were reported, with an individual incidence of less than 0.1%. 

Skin and Appendages: Urticaria (0.3%), purpura (0.1%), abscess (0.1%), and pruritus (0.1%) 

Individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed under th 
indication in full prescribing information. 

Pediatrics: In controlled clinical trials involving 391 patients tor pediatric angiocardiography, urography, and contras 
enhanced computed tomographic head imaging, adverse reactions following the use of OMNIPAQUE 240, OMNIPAQUE 3( 
and OMNIPAQUE 350 were generally less frequent than with adults. 

Cardiovascular System: Ventricular tachycardia (0.5%), 2:1 heart block (0.5%), hypertension (0.3%), and anemia (0.3% 

Nervous System: Pain (0.8%), fever (0.5%), taste abnormality (0.5%), and convulsion (0.3%), 

Respiratory System: Congestion (0.3%) and apnea (0.3%). 

Gastrointestinal System: Nausea (1%), hypoglycemia (0.3%), and vomiting (2%). 

Skin and Appendages: Rash (0.3%) 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse effec 
in addition to those discussed above. The following reactions have been reported after administration of other intravascul 
iodinated contrast media, and rarely with iohexol. Reactions due to technique: hematomas and ecchymoses. Hemodynam 
reactions: vein cramp and thrombophlebitis following intravenous injection. Cardiovascular reactions: rare cases of cardi: 
arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, ar 
cardiac arrest. Renal reactions. occasionally, transient proteinuria; and rarely, oliguria or anuria. Allergic reaction 
asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as urticaria with or without pruritus, as well i 
pleomorphic rashes, sneezing, and lacrimation; and rarely, anaphylactic reactions. Rare fatalities have occurred due to th 
or unknown causes. Signs and symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospast 
dyspnea; or fo the nervous system: restlessness, tremors, convulsions. Other reactions: re pain, warmth, metall 
laste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, sweating, localized areas of edema (especially faci 
Cramps), neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, sometimes accompanied by hype 
pyrexia. Infrequently, “iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after exposu 
and subsides by the sixth day 

In general, the reactions which are known to occur upon parenteral administration of iodinated contrast agents a 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of waler-solub 
intravascularly administered contrast agents are mild to moderate in degree. However, severe, life-threatening anaphylacto 
reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 6.6 per 1 millic 
(0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main feature beir 
cardiac arrest, with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive collapse and shot 
are found in the literature. The incidence of shock is estimated to be 1 out of 20,000 (0.005%) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosyncratic reaction 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed | 
rk sual All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are included 
this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years old. Idiosyncrat 
reactions may or may not be dependent on the amount of dose injected, the speed of injection, and the radiograph 
procedure. Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions are self-limite 
and of short duration; the severe reactions are life-threatening and treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in tl 
general population. Patients with a history of previous reactions to a contrast medium are three times more susceptible thi 
other patients. However, sensitivity to contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but delay: 
reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse reactions is higher wi 
angiocardiography than with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, 
myocardial ischemia or infarction may occur during kerete fel and left ventriculography. Electrocardiographic ar 
hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate sodiu 
injection. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR INTR/ 
VASCULAR USE OF OMNIPAQUE. 

OVERDOSAGE: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly tl 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmonary hemorrhag 
convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of all vital functions ar 
prompt institution of symptomatic therapy. 

The intravenous LDs9 values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24.2 in mice and 15.0 
rats. 


DOSAGE AND ADMINISTRATION: Details are provided in the package insert. 
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For over 40 years, 
specially-dedicated 

S & S x-ray equipment 
and accessories have 
been improving 
Radiologists’ efficiency 
and productivity. 
Specially-dedicated 
mammography 
equipment includes: 


Hold Mammography 
radiographs for random 
access recall and viewing 
within 7 seconds! 
Individual on-off light 
switches control divided 
viewing areas. 

MODELS: 

MV810-170: 10 viewing 
areas for 170 8x10” films 


MV 1824-272: 16 viewing 
areas for 272 18x24cm films 
MV2430-204: 12 viewing 
areas for 204 24x30cm films 


The standard for 
illumination excellence. 
Surface or recessed 
mounting is available for 
1 to6 banks—1 over 1 up 
to 6 over 6. Individual on- 
off light controls for each 
viewing section reduce 
glare and prevent spill- 
over. Single or two tier 
models for straight 

or angulated 

viewing include: 


MODELS: 

147000: Series for 8x10/ 
18x24cm films 

146000: Series for 24x30cm 
films 


Doubles capacity over 
conventional drawer 
files. Adjustable 
partitions. Available with 
or without sliding door 
closures. 
MODELS: 
871: 1 shelf (2 doors) 
14x30x 13%" 
873: 3 shelves (6 doors) 
14x30x37%”" 
876: 6 shelves (12 
doors) 14x30x74" 


1101 Linwood Street, Brooklyn, NY 11208 
TOLL FREE: 800/347-XRAY @ NY STATE: 718/649-8500 @ FAX: 718/257-0219 





Converts existing non- 
Bucky mammography 
equipment. Improves 
contrast and micro- 
calcification visibility. 
Eliminates grid lines. 
Reduces scattered 
radiation. 

MODELS: 

MB-12: for 18x24cm film 
MB-24: for 24x30cm film 


See your local x-ray 
dealer or call S&S 
directly for Picture 
Perfect mammography 
equipment and our 
expanded line of 
radiological equipment 
and accessories. 
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General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 
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For priority handling, complete the following checklist, 
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__ If appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
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not justified. 

__ All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

__ The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
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ure legends, and figures. 
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metric equivalent is given in parentheses. 

____ ____ Names and locations (city and state only) of manu- 
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_______ A blind title page is included in each copy of the 
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Abstract 


An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, Summary paragraph. 

No abbreviations or reference citations are used. 


References 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

Papers presented at a meeting are not cited in the 
reference list, but are cited parenthetically in the text (e.g., 
Smith DJ et al., presented at the American Roentgen Ray 
Society meeting, May 1990). After first mention, use (Smith 
DJ et al., ARRS meeting, May 1990). 

Inclusive page numbers (e.g., 333-335) are given 
for all references. 

Journal names are abbreviated according to Index 
Medicus. 

Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or fewer; when seven or more authors, the first 
three are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146: 1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Tables 


Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 


Tables are numbered in the order in which they are 
cited in the text. 

Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 

All figure parts relating to one patient have the same 
figure number. 

Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
figures, labeling is done on a gummed label, which is then 
affixed to the back of the print. Never use labels on color 
figures, but write figure number on the back lightly in pencil. 
Never use ink on front or back of any figures. 

Authors’ names are not written on the backs of 
figures. 

Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
not broken or cracked. 

Images are uniform in size and magnification. 

Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
same size type. (Only glossy prints are acceptable.) 

Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 
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Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of four, unless the text is shortened 
accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 





Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. The abstract should be a short, introductory para- 
graph. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 














Opinions, Commentaries, and Perspectives 





Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 





Technical Notes 





A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 




















Letters to the Editor and Replies 





Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Name 
and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 


Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page and an abstract. 

Length. Maximum of eight double-spaced, typewritten 


pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 





All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright agreement. 
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Call for Papers on Neuroradiology 


On January 1, 1992, The American Roentgen Ray Society and the American Society of 
Neuroradiology terminated their agreement whereby manuscripts on neuroradiology sub- 
mitted to the AJR are forwarded to the AJNR and selected AJNR papers are republished in 
the AJR. 

To avoid any lag in the publication of neuroradiologic articles in the AJR, the Journal 
requests authors to submit neuroradiologic manuscripts effective immediately. We plan to 
expedite publication of these papers. Authors will receive an initial editorial decision in 3-4 
weeks, and accepted papers will be published 3 months after revised manuscripts are 
accepted. This is more than twice as fast as most other journals. 

The advantages of this rapid publication time and the AJR’s large circulation (24,000) are 
now available to all authors of neuroradiologic papers. An expanded section on neurora- 
diology, including review articles, pictorial essays, and commentaries, will accommodate 
more than the limited number of papers published under the previous agreement. 

We invite authors of neuroradiologic articles to submit their papers for Original publication 
in the AJR so that the Journal may continue to fulfill its commitment to supply timely and 
important original information about neuroradiology to general radiologists as well as to 
those who subspecialize in the field. 


Robert N. Berk 
Editor-in-Chief 
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The friendlier molecule 
and its pattern of protection 


The toxic portion of the 
contrast agent molecule is the 
iodinated benzene ring. In 
modern contrast agents, the 
ring is sheltered by hydroxyl 
groups arranged around it. If 
the arrangement is less than 
optimal, it can leave “holes” in 
the structure. 


The Optirays molecular 
structure provides a superior 
pattern of protection from the 
benzene ring with six hydroxyl 
groups arranged symmetrically 
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The friendlier molecule 


All nonionic iodinated contrast media 
currently available inhibit blood 
coagulation, in vitro, less than ionic 
contrast media. Clotting has been 
reported when blood remains in con- 
tact with syringes containing nonionic 
contrast media. Therefore, meticu- 
lous intravascular administration 
technique is necessary to minimize 
thromboembolic events. 
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OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioverso! with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
graphic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
Spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are ny Leyte i 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 


disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk, The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioverso! crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: \t is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon Clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 


Adverse Reactions 
System >1% = 1% 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 

vomiting 

cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 

visual hallucination 


laryngeal edema 
nasal congestion 
sneezing 
coughing 

hypoxia 
periorbital edema 
urticaria 

facial edema 
flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 


Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory 


none 


Skin 


none 


Miscellaneous none 


occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and brochospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe Cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
ati and urea nitrogen. Rapid and complete return of function usually 

ollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are lite- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore, 
dialyzable. 

The intravenous LD., values (gl/kg) for ioversol in animals were: 
17 (mice), and 15 (rats). 


DOSAGE AND ADMINISTRATION: Details on dosage 
Se ee in the package insert. CONSULT FULL PACKAGE INSERT 





Changing the look of medicine: 
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CHIEF OF RADIOLOGY 
HARBORVIEW MEDICAL CENTER 


The University of Washington School of Medicine, Seattle, 
WA, invites nominations and applications for the position 
of Chief of Radiology at Harborview Medical Center, a 
University of Washington teaching hospital. We seek an 
experienced physician/administrator with strong commit- 
ment to academic radiology, patient care, and teaching. The 
candidate must be board certified by the American Board 
of Radiology and meet the academic requirements for 
Professor or Associate Professor at the University of Wash- 
ington School of Medicine. The individual chosen as Chief 
of Radiology will be responsible for all professional radio- 
logic and nuclear medicine services and must have vision, 
vigor, and will to build an academic radiology program 
commensurate with the mission of Harborview Medical 
Center. The University of Washington is an affirmative 
action, equal opportunity employer. Please send CV to: 


Richard K. Root, M.D. 
Professor of Medicine 
Chairman, HMC Radiology Search Committee 
University of Washington 
325 Ninth Avenue 
ZA-65 
Seattle, WA 98104-2499 


CHANGE OF ADDRESS? 





King Faisal Specialist Hospital 
and Research Centre 
in Riyadh, Saudi Arabia 


is inviting applications for 
the position of 


Chairman, Department of Radiology | 


The King Faisal Specialist Hospital and Research Centre in 
Riyadh, Saudi Arabia is inviting applications from suitably quali- 
fied physicians for the position of Chairman, Department of 
Radiology. 


The hospital is the pre-eminent tertiary care referral centre for 
the Kingdom of Saudi Arabia and includes a research centre as 
an integral part of this rapidly expanding and superbly equipped 
facility. The medical staff consists of nearly two hundred 
carefully selected internationally qualified expatriate physicians. 
The Department of Radiology includes fifteen consultant spe- 
Cialists operating sections of general radiology, nuclear medi- 
cine, ultrasound, angiointerventional, MRI and computed 
tomographic imaging. More than 120,000 examinations are 
performed annually on state of the art equipment, including four 
CT scanners, and one high field MRI with a second unit under 
construction. The Department of Radiology supports many 
tertiary care programs throughout the hospital, including trans- 
plantation programs for kidney, heart and bone marrow. Depart- 
ment contributions to clinical research are strongly encouraged 
while basic research activities are supported by research centre 
programs in molecular biology, cytogenetics and pharmokinetic 
programs. 


A suitably qualified candidate for this position wiil be a mature 
physician with active clinical responsibilities and a full-time 
academic appointment at a major university medical centre. A 
record of significant accomplishments in clinical research, teach- 
ing and demonstrated capabilities in administration at the divi- 





Please notify us eight weeks in ad- 
vance. Send us your mailing label or 
your account number, along with 
your new address and the date the 


sion or department head level are expected. A substantial 
bibliography of published work in referred medical journals is 
essential. The successful candidate will enjoy the full support of 
hospital administration and the medical staff to realize depart- 
mental aims in service, education and research. 


The remuneration and benefits package for this position is 


change of address is to take effect. 


AJR 
at your service. 


For customer assistance, 
call TOLL-FREE: 


1-800-638-6423 
(from anywhere in the U.S. or Canada) 
Or write: 
Subscription Fulfillment Department 
428 East Preston Street 
Baltimore, MD 21202-3993 





well above the average for international expatriate physicians. 
Salary is individually negotiable according to qualifications and 
experience, and is free of local taxation. The compensation 
package is particularly attractive since living expenses are 
small. The hospital provides free, fully furnished single family 
accommodation, return airfares for the employee and depen- 
dents annually, comprehensive medical and dental care, edu- 
cational assistance for dependent children and approximately 
sixty days of holiday and professional leave each year. 


To obtain further information concerning this position, candi- 
dates are invited to send a curriculum vitae with full biographical 
information, professional experience and bibliography of pub- 
lished work, as well as the names of three professional referees, 
to: 


The Chairman, Search Committee, MBC 53 
King Faisal Specialist Hospital & Research Centre 
Post Office Box 3354 
Riyadh 11211, Kingdom of Saudi Arabia 





Now Available... 


ARRS Scholarships 


The American Roentgen Ray Society is proud to announce the 
establishment of an annual ARRS scholarship 
program designed to enhance opportunities in research and 
professional development for promising staff 
members. Two scholarships will be awarded annually, 
providing deserving recipients with a stipend of up to $60,000 
per year for a two-year period. 


Interested candidates should address inquiries to: 


American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Va 22091 


(703) 648-8992 
FAX (703) 264-8863 


Deadline for application is February 28, 1992 





2ND ANNUAL BREAST IMAGING CONFERENCE 


The Orlando Regional Medical Center and Medical Center Radiology Group are 
sponsoring the 2nd Annual Breast Imaging Conference, March 12-15, 1992 at Disney’s 
Yacht and Beach Club Resort, Lake Buena Vista, Florida. 


Program Director 
Anne K. Claiborne, M.D. 


Guest faculty includes 
Stephen A. Feig, M.D., Norman L. Sadowsky, M.D., and Edward Sickles, M.D. 


Category I Credit: 20 hrs. Fee: Physicians $425 and Radiologic Techs $225 


Information 
Continuing Medical Education 
Orlando Regional Medical Center 
1414 Kuhl Avenue 
Orlando, FL 32806-2093 
Telephone (800) 648-0450 


Gundersen ¢ Clinic: "ORA 
where you practice is as 
important as what you 
practice. 


The Gundersen tradition: state-of-the-art medical care delivered 
by a highly qualified group of medical and dental specialists. 
And what sets our professionals apart from other medical staffs? 
Teamwork. 


We are seeking General Radiologists to join our staff of 17 Radi- 
Ologists who provide outreach services to those patients who 
visit our Multiple branch community clinics in lowa, Minnesota 
and Wisconsin, as well as provide care to patients in our full 
service main clinic in La Crosse. Last year, 139,412 radiographic 
examinations were performed throughout our system. It’s the 
best of both worlds where you can combine sophisticated tech- 
nology with one-on-one involvement in primary care. 


Become part of the Gundersen tradition as we enter our second 
century serving the needs of 70,000 families through over 702,000 
patient visits each year. You'll also enjoy an outstanding quality 
of life, competitive salaries and benefits, an excellent continuing 
education program and pension plan. Send your CV or call Tim 
Skinner, Manager, Physician Recruitment, COLLECT, at 1-608- 
782-7300 ext. 6673. An equal opportunity employer. 


wma? 


1836 South Avenue 
Dept. KK-9 
B La Crosse, Wisconsin 54601 


b’ Clinic Lid Ltd. 


FACULTY POSITION 
DIAGNOSTIC RADIOLOGIST/ 
MAMMOGRAPHER 


The Department of Radiology at The George Washing- 
ton University Medical Center, Washington, D.C. is 
seeking a Board Certified Diagnostic Radiologist with 
formal training and/or extensive experience in Mam- 
mography. This is a full-time, non-tenure track faculty 
position at the Assistant to Associate Professor level. 
The George Washington University Medical Center is a 
500 bed hospital located in Foggy Bottom a few blocks 
from the White House, with all medical and surgical 
subspecialties. The Radiology Department is equipped 
with a new 1.5 Signa MR, two 9800 CT’s, and state of 
the art Ultrasound, Angiographic, Mammographic, and 
General Radiographic units. Salary and academic rank 
are commensurate with position. Applications will be 
accepted at least through March 31, 1992. Letters of 
inquiry must be accompanied by a curriculum vitae and 
should besent to: David O. Davis, M.D., Professor and 
Chairman, Department of Radiology, The George 
Washington University Medical Center, 901 23rd 
Street, N.W., Washington, D.C. 20037. The George 
Washington University is an Affirmative Action/Equal 
Opportunity Employer. 





SOON IN MR 


Sanofi Winthrop has earned 
universal leadership in nonionic 
contrast media for CT. Look to us 
again in MR. For the overall 
quality of our products, our people, 
and our commitment to serve. 
Qualities that help radiology choose 


Sanofi Winthrop contrast media 


first. Now in CT, and soon in MR. 


sanofi ee WINTHROP 


LEADERSHIP IN 
NONIONIC CONTRAST 
MEDIA 





Caldwell Lecture 





Respiratory Problems of Early Life Now Allowing Survival 
into Adulthood: Concepts for Radiologists 


N. Thorne Griscom' 


Many patients with illnesses 
that once were fatal at birth or 
during childhood now survive 
into adult life. This article con- 
siders four respiratory ill- 
nesses of early life in which 
long-term survival now occurs 
frequently: cystic fibrosis, dia- 
phragmatic hernia, esophageal 
atresia-tracheoesophageal 
fistula, and bronchopulmonary 
dysplasia. In cystic fibrosis, al- 
though the median age at 
death is now 25 years, chronic 
pulmonary infection due ulti- 
mately to the abnormal com- 
position and clearance of air- 
way mucus is still the usual 
cause of death. Earlier survivors of congenital diaphragmatic 
hernia had only minor diminution of perfusion and ventilation of 
the lung on the side of the hernia as adolescents or young adults; 
however, as infants with greater degrees of pulmonary hypoplasia 
have successful repair of their hernias, more long-term respira- 
tory impairment will probably be found. The esophageal atresia- 
tracheoesophageal fistula complex leaves all esophagi and many 
tracheas permanently abnormal; recurrent aspiration, repeated 
pneumonia, and an unduly collapsible trachea are the result, 
although symptoms may be few. Survivors of bronchopulmonary 
dysplasia have decreased exercise capacity, wheezing, and re- 
current pneumonia, although their chest radiographs may become 
normal or almost normal. 
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In number of deaths prevented and years of life gained, 
pediatrics is probably the most successful medical specialty. 
Large numbers of infants and children are now surviving 
diseases and birth defects that once were fatal. Many are 
now adults or soon will be. However, some were not made 
completely well. Those who care for adults need to be aware 
of the nature, evolution, and manifestations of the medical 
problems these maturing children bring with them. 

This article considers four pediatric illnesses with respira- 
tory manifestations—cystic fibrosis, congenital diaphragmatic 
hernia, esophageal atresia—tracheoesophageal fistula, and 
bronchopulmonary dysplasia—that are now seen in adults or 
have signs and symptoms lasting into adult life. Between 
5000 and 10,000 survivors of these four illnesses will soon 
be reaching maturity every year in this country. 


Cystic Fibrosis 


Cystic fibrosis (mucoviscidosis, pancreatic fibrosis), an au- 
tosomal recessive illness, is the most common fatal inherited 
disease in white Americans, among whom it occurs once in 
about 1600 births. Roughly 5% of white Americans are car- 
riers. Therefore, in one in 400 marriages both parents are 
carriers, and each of their children has a one in four chance 
of having cystic fibrosis. 

Cystic fibrosis genes have their locus on the long arm of 
chromosome 7. About 70% of the mutations for cystic fibrosis 
are of the AFsog variety; that is, the mutation leads to a 
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deletion from the gene product of a phenylalanine (F) residue 
at amino acid position 508. Direct analysis of DNA from WBCs 
can now detect this mutation in both carriers and homozy- 
gotes. Many different, fairly rare mutations account for the 
other 30%. 

The AFsog mutation affects a protein, the cystic fibrosis 
transmembrane regulator, that regulates passage of ions 
through the membranes of epithelial cells. The basis of all of 
the manifestations of cystic fibrosis seems to be an abnor- 
mality of ion transport across cell membranes, notably those 
of the tracheobronchial mucus-producing cells [1, 2]. It may 
one day be possible to supply the missing normal gene, 
spliced into a harmless virus, to bronchial epithelial cells via 
an aerosol. 

Many organs, in addition to the lungs, are involved, includ- 
ing the pancreas, the intestines, the biliary tree, the paranasal 
sinuses, and the male genital tract. The sweat of patients 
with cystic fibrosis is high in chloride and sodium; this is 
diagnostically important and also leads to a salty taste to the 
skin (detected by parents when they kiss their children), 
occasional frosting of the skin with salt, and highly corrosive 
sweat (which rots shoes and rusts iron more rapidly than 
ordinary sweat). All of these phenomena presumably are due 
ultimately to abnormal transportation of ions across the mem- 
branes of epithelial cells. 


Pathogenesis of Pulmonary Disease 


Patients with cystic fibrosis produce respiratory mucus 
containing less water than normal, and the dehydrated mucus 
has an abnormally high viscosity [1, 2]. This leads to difficul- 
ties in clearance of the mucus and of the inhaled bacteria 
engulfed in it. The flow of air becomes obstructed by thick, 
tenacious, rubbery plugs of mucus. Infection is likely to de- 
velop locally, and the inflammation causes further obstruction. 
The obstruction usually starts in the small airways in infancy 
and childhood and leads to trapping of air or atelectasis. 
Bronchiolitis and bronchiolostenosis are common. Infection 
leads to release from neutrophils of elastase, a proteolytic 
enzyme that cripples complement-mediated phagocytosis 
and causes degradation of connective tissue and further 
bronchiolostenosis [2, 3]. Over months and years, mucus and 
pus accumulate further, leading to more bronchitis and pneu- 
monia. The airways lose rigidity and become dilated and 
unstable. Collapse and further obstruction are likely to occur 
during rapid changes of intrapleural pressure, as with cough- 
ing, straining, and vigorous activity. The chronic inflammation 
of the airways leads to loss of mucosa and squamous meta- 
plasia, and it becomes even more difficult to clear plugs of 
mucus. When the mucus is finally removed, the bronchi may 
remain cystically enlarged. Small abscesses are common, 
often centered on ectatic bronchi. Obstruction of the airways 
leads to peripheral overdistension and pneumothorax. 
Chronic bronchial inflammation causes dilatation of the bron- 
chial vessels, which then may bleed. Chronic hypoxemia 
ultimately leads to pulmonary artery hypertension and cor 
pulmonale. 
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Early Radiologic Manifestations 


Although even late stages of this illness seldom entail 
destructive emphysema in the sense of alveolar disruption, 
air trapping is often the first radiologic evidence of cystic 
fibrosis [3]. Recurrent or incompletely resolving pneumonia is 
another early sign. Bronchitis, manifested radiologically by 
thickening of the bronchial walls and thickening of the pul- 
monary interstitial tissues, and identifiable bronchiectasis de- 
velop somewhat later. Irregular aeration (alternating regions 
of air trapping and atelectasis) is very common. 


Later Radiologic Manifestations 


The upper lobes tend to be involved most severely (Fig. 1); 
perhaps this is because ventilation is greater in the lower 
lobes, the tidal flow of air there facilitating clearance of mucus 
[3]. Ultimately, bronchiectasis and mucoid impaction become 
widespread. Generalized suppurative disease develops in and 
around the airways. Radiographs show cysts, often thick 
walled, with gas-fluid levels; these cysts are usually dilated, 
partially obstructed bronchi but sometimes are actual paren- 
chymal abscesses [4]. The bronchial walls become very thick. 
Lobar atelectasis may develop, especially in the upper lobes. 
The hila are often retracted upward (Figs. 1 and 2). The 
radiologic abnormalities ultimately become irreversible and fail 
to resolve appreciably even when the patient feels better. 
Occasionally, the chronic bacterial pneumonia that these pa- 
tients have involves the pleura and chest wall, a syndrome 
misleadingly called botryomycosis and radiologically resem- 





Fig. 1.—35-year-old man with cystic fibrosis and many years of respi- 
ratory problems. Chest radiograph shows disproportionate involvement of 
upper lobes, which are bronchiectatic and have lost volume. Lower lobes 
are voluminous. Trachea and main bronchi are very large. 
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bling actinomycosis. Hypersensitivity bronchopulmonary as- 
pergillosis is another late complication, heralded by brown 
sputum, new foci of pneumonia, and further saccular bron- 
chiectasis. The bronchiectasis can be exquisitely shown by 
high-resolution CT [5] (Fig. 3). 

The trachea also becomes abnormal (Fig. 1), probably in 
parallel to the bronchi. In older patients, it tends to be large 
at inspiration but unduly collapsible [6]. This airway instability 
leads to momentary collapse and obstruction during rapid 





Fig. 2.—36-year-old woman with cystic fibrosis and severe, progressive 
respiratory problems. Chest radiograph shows subclavian catheter in su- 
perior vena cava and a pleural tube on left side. Pleural air (small solid 
arrows) is seen above right lung and medial and lateral to left lung. 
Hydropneumothorax (/arge solid arrow) is present on left. Gas-fluid level 
on right (open arrow) is probably within pleural space, which is severely 
distorted by adhesions. 


Fig. 3.—A and B, Thin-section (1.5- 
mm) CT scans through upper (A) and 
lower (B) chest of 28-year-old man with 
cystic fibrosis. Dilatation of bronchi and 
thickening of bronchial walls are evi- 
dent everywhere, and postinflamma- 
tory scarring and air trapping are wide- 
spread. In left upper lobe, bronchiec- 
tasis has replaced much or all of 
pulmonary parenchyma. 
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changes in intrapleural pressure and makes coughing 
ineffective [3]. 

Pneumothorax is a frequent complication of the illness in 
adolescence and adult life. Because of distorting pleural adhe- 
sions, the pneumothorax frequently has a complex shape and 
is difficult to control by a single pleural tube. Fluid sometimes 
collects beneath the pleural air, and it may be impossible to 
decide whether a collection of fluid and gas is within a 
distorted pleural space or is a juxtapleural parenchymal Cavity 
(Fig. 2). 

Hemoptysis is also common in older patients with cystic 
fibrosis. The hemoptysis is due to inflammatory erosion of the 
dilated arteries and veins in the walls of the infected airways. 
Embolization of bronchial arteries has had some success in 
controlling otherwise refractory hemoptysis [7]. 

The progression of these problems frequently leads to 
pulmonary artery hypertension, cor pulmonale, and right heart 
failure. Radiologically, this is evident first as prominence of 
the hila. However, dilated pulmonary arteries are difficult to 
distinguish on plain films from hilar adenopathy, which is 
common, although with MR this distinction can be made easily 
[8]. Because the hyperinflation of cystic fibrosis makes the 
heart look small, the development of a more normal-appearing 
heart may actually signal the onset of cardiac dilatation. 

Scintigraphy can show the early air trapping and the later 
regional irregularities in ventilation and perfusion; ventilation 
often is more uneven than perfusion [9]. 


Therapy and Prognosis 


Therapy of the respiratory manifestations of cystic fibrosis 
consists of antibiotics, bronchodilators, and, occasionally, 
corticosteroids [3]. Postural drainage and chest percussion 
are used to diminish atelectasis and clear the purulent mucus. 
Pneumothoraces must be drained. For recurrent or severe 
hemoptysis, embolization may be used. Occasionally a chron- 
ically infected, atelectatic lobe is removed, if it was contrib- 
uting little to respiration and seemed to be the source of 
recurrent infection. Trials of various agents to reduce mucus 
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viscosity are under way [1, 2]. Lung transplantation is begin- 
ning to be used widely. Gene therapy is probably several 
years away. 

Survival in this illness is steadily improving. Severe pulmo- 
nary disease often can be controlled and sometimes partly 
reversed (Fig. 4). The median age at death is now 25 years 
[2], and many patients are surviving into their fifth decades. 
The oldest patient with cystic fibrosis now being seen at our 
hospital is a 50-year-old man (Fig. 5). Other patients have 
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Fig. 4.—A-C, Chest radiographs of a woman at ages 16, 26, and 34 (A, 
B, and C, respectively) with cystic fibrosis. The illness was diagnosed 
when she was 4 years old and had already had pneumonia several times. 
At age 16, inflammatory and postinflammatory shadows are seen in many 
areas. At age 26, most severe involvement is in right lower lobe. At age 
34, three decades after diagnosis, no major focus of pneumonia or collapse 
is evident. 





survived even longer, some with few respiratory complaints. 
This is one of the few illnesses in which men tend to outlive 
women. 


Congenital Diaphragmatic Hernia 


In normal fetuses, the branching respiratory tract has de- 
veloped out as far as the terminal bronchioles (that is, as far 
as the smallest of the purely conducting airways) by week 16 
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of intrauterine life [10]. The respiratory bronchioles, alveolar 
ducts, and alveoli develop thereafter. Alveoli proliferate into 
middle childhood and enlarge until adulthood. However, pul- 
monary growth and development are prevented if thoracic 
space has been preempted. The congenital anomaly of dia- 
phragmatic hernia allows abdominal contents (stomach, 
bowel, liver, spleen) to occupy the chest. The time of ascent 
of abdominal contents into the chest apparently varies; earlier 
occupation of the chest by larger volumes of abdominal 
contents tends to cause greater pulmonary hypoplasia, which 
is the major evil consequence of diaphragmatic hernia and 
(along with anomalies in other organs) the principal cause of 
death [11]. Pulmonary hypoplasia, which implies diminished 
complexity as well as size, occurs in both lungs but is more 
marked on the side of the hernia. 

Survival rates after surgical repair of diaphragmatic hernia 
are lower now than 40 years ago [12]. However, this is a 
sampling artifact. Formerly, without either prenatal diagnosis 
or sophisticated perinatal care, infants with major pulmonary 
hypoplasia seldom lived to reach the operating room. Prenatal 
diagnosis and vigorous neonatal care are now allowing repair 
in many more cases, but the pulmonary hypoplasia is often 
So severe that long-term survival is impossible [11]. For this 
reason, there has been an inverse relation between mortality 
and age at admission for repair; the older the child is when 
operated on, the better the prognosis. Consequently, the 
earliest long-term follow-up studies [13] reported the most 
favorable outcomes. More recent series have suggested 
greater pulmonary disability, and average impairment may 
continue to increase. Many of these infants, surviving because 
of artificial ventilation, extracorporeal membrane oxygenation, 
and other vigorous measures, are now getting bronchopul- 
monary dysplasia [11]. 

At herniorrhaphy, the lung on that side is often tiny, al- 
though it grows toward normal during childhood. The hypo- 
plasia of the branching airway and pulmonary vascular tree 
has greater circulatory than respiratory effects [13]. Because 





Fig. 5.—50-year-old man with cystic fibrosis. Chest radiograph of right 
side of lower chest obtained when he was 47 years old shows minor 
inflammatory or postinflammatory thickening of bronchial walls and inter- 
Stitial tissues. Patient’s lungs were mildly voluminous. 
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nearly all of the resistance in the vascular system is in the 
peripheral vessels, a modest increase in regional resistance 
will lead to a large alteration in regional blood flow. The 
peripheral airways, on the other hand, contribute little to 
resistance, and changes here must be very large to have a 
measurable effect on flow. Scintigrams years after repair of 
the hernia therefore show a mismatch between ventilation 
and perfusion; the perfusion of the hypoplastic lobe or lung is 
worse than its ventilation [12, 13]. 

Late chest films often show diminution in pulmonary vas- 
cularity on the side of the hernia, especially in the lower lobe 
(Fig. 6). The ipsilateral lung is sometimes overdistended at 
inspiration [12], but in other cases the volume is normal or 
slightly low [13]. The repaired hemidiaphragm has an abnor- 
mal contour, and fluoroscopy usually shows impaired motion. 
Fluoroscopy also shows diminished ventilation of the lung on 
the side of the hernia, which is less distensible and less 
compliant than its mate [13]. 

These rather inconsequential abnormalities are reflected in 
the fact that most long-term survivors so far investigated have 
had few respiratory symptoms. However, as infants with 
greater degrees of pulmonary hypoplasia survive, and as 
bronchopulmonary dysplasia develops in more of them, this 
benign picture seems to be changing [12]. The alveolar over- 
distension developing in some of those severely hypoplastic 
lungs may exaggerate the effects of aging and smoking and, 
in adult life, may be a risk factor for chronic obstructive lung 
disease [12]. Long-term esophageal problems such as severe 
gastroesophageal reflux also occur [14]. 


Esophageal Atresia-Tracheoesophageal Fistula 


The only common member of the esophageal atresia- 
tracheoesophageal fistula family of anomalies is esophageal 
atresia with distal tracheoesophageal fistula. Surgical correc- 
tion of the anomaly was first achieved in 1939, and there are 
now many survivors in their twenties, thirties, and forties. 
However, the surgery is often neither easy nor smooth: 
postoperative fistulas, anastomotic strictures and leaks, and 
other early complications still occur. 

No matter how carefully the surgical anastomosis is per- 
formed, the esophagus is never made functionally normal. 
Fluoroscopy shows that peristalsis is permanently absent 
throughout the length of the esophagus [15]. Manometry 
sometimes detects rudimentary peristaltic activity [16]. Even 
in the absence of symptoms, in many patients anastomotic 
Stenoses develop, sometimes requiring balloon dilatation [17]. 
Nearly all patients eliminate large chunks of food from their 
diets to avoid dysphagia [18]. The majority of patients have 
a pathologic degree of gastroesophageal reflux, and many 
have symptomatic esophagitis. Hiatal hernia may develop. 
When the patient is supine, the esophagus frequently contains 
a moderate amount of fluid puddled beneath gas [19]. This 
esophageal fluid, swallowed saliva or refluxed gastric con- 
tents or both, is already above the barrier of the gastroesoph- 
ageal junction and is positioned for aspiration. Many factors 
therefore predispose the patient to aspiration: poor or absent 
esophageal peristalsis, gastroesophageal reflux, hiatal hernia, 
anastomotic stenosis, and puddling of fluid in the esophagus. 
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Fig. 6.—A-D, Chest radiographs of a patient with left-sided diaphragmatic hernia. 

A, 2 days after birth. Left lung is very small; most of left side of thorax is occupied by 
stomach and bowel. 

B, 8 days after birth. Hernia has been repaired. Mediastinum is now shifted far to left, toward 
hypoplastic left lung. 

C, At age 4 years. Left hemidiaphragmatic contour is abnormal. Blood flow to right lung is 
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The trachea is also permanently abnormal in most cases 
[19, 20]. Anatomic studies have shown deficiency of cartilage, 
abnormalities of shape, squamous metaplasia, and insufficient 
rigidity. Mucociliary transport is probably impaired. The tra- 
chea is unduly collapsible with the changing pressure relation- 
ships of the respiratory cycle [19] (Fig. 7). Operative changes 
in the right fourth and fifth ribs are very common after repair 
of esophageal atresia, and levoscoliosis may also be seen. 

Respiratory problems therefore arise for two reasons: re- 
peated aspiration and the tendency of the airway to collapse. 
These patients are subject to recurrent bronchitis and pneu- 
monia [18] (Fig. 8), much of it probably due to aspiration 
[21]. Pulmonary function testing shows obstructive disease 
[21, 22], sometimes demonstrably tracheal rather than pe- 
ripheral. Restrictive defects are also found (Fig. 8). The air- 
ways are often hyperreactive. 

What problems these patients will have in old age is not 
yet known. The available data suggest that they will aspirate 
into the lungs when stressed only moderately, that they will 
have more episodes of pneumonia than the general popula- 
tion, that their airways will be unduly reactive, that their 
tracheas will collapse too readily, and that they will have more 
than their share of hiatal hernias. 


Bronchopulmonary Dysplasia 


Bronchopulmonary dysplasia is a disease of medical pro- 
gress. First described by Northway in 1967 (cited in [23)), it 


greater than to left lung. 
D, At age 17 years. Pulmonary blood flow to left lower lobe is diminished. 


emerged as an entity only when small premature infants with 
hyaline membrane disease (respiratory distress syndrome, 
surfactant deficiency) were treated successfully by using me- 
chanical ventilation with high concentrations of oxygen. It is 
no longer uncommon; one estimate [24] is that 7000 cases 
occur in the United States every year, of which about 4000 
patients survive infancy. Most of the latter will ultimately reach 
adult life. 

The diagnosis is made at 1 month of age in premature 
infants who have had prolonged mechanical ventilation, who 
are still dependent on supplemental oxygen, and who have 
chest radiographs consistent with this illness [24, 25] (Fig. 9). 
Positive pressure ventilation, high concentrations of oxygen, 
and prematurity are causative factors [28]. Most now think 
that hyaline membrane disease is not a prerequisite, and that 
other respiratory illnesses in premature infants are occasion- 
ally followed by this condition [11, 25]. The radiographic 
appearance at 1 month of age (Fig. 9) also seems to be less 
specific than was first thought. Classically, radiographs show 
rounded lucencies alternating with thinner strands of opacity, 
but many radiologists now believe that several generalized 
patterns of alternating lucencies and opacities are diagnostic- 
ally sufficient. Even mild respiratory illness in small premature 
infants is occasionally followed in a few weeks by a state 
indistinguishable from classic bronchopulmonary dysplasia 
[25]. The Wilson-Mikity syndrome may be a variant of the 
disease. The tracheobronchomegaly found in some infants 
with bronchopulmonary dysplasia may be related to the air- 
way problems seen in later life. 
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Fig. 7.—Tracings of CT scans show collapse of intrathoracic trachea after repair of esophageal 
atresia and distal fistula. 

Left column, Trachea at total lung capacity (maximally negative intrapleural pressure). 

Right column, Trachea at residual volume (maximally positive intrapleural pressure). 

Bottom row, Healthy control. Trachea is smaller at residual volume than at total lung 
capacity by 39%. 

Top row, 12-year-old boy in whom esophageal atresia and distal tracheoesophageal fistula were 
repaired at birth. Tracheal cross-sectional area (measured by using a full width at half maximum 
computation system [19]) was 1.62 cm’ at total lung capacity (expected for age, 1.28 + 0.24 cm?) but 
only 0.73 and 0.00 cm’, respectively, at residual volume, changes of 57% and 100%. (Modified with 
permission from Griscom and Martin [19].) 





Fig. 9.—A-C, Chest radiographs of a boy with bronchopulmonary dysplasia. 





Fig. 8.—Chest radiograph of boy shown at top 
of Fig. 7. Esophageal atresia and distal tracheo- 
esophageal fistula were repaired at birth. Many 
postoperative complications included a recur- 
rent esophagobronchial fistula. Right lower lobe 
and part of right upper lobe had been resected 
because of pneumonia and bronchiectasis. This 
film (at age 14) shows only minor postinflam- 
matory interstitial thickening on left but severe 
postoperative and postinflammatory changes on 
right, including a gas-fluid level in dilated bron- 
chus in lower chest. 
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A, At age 4.5 weeks. Patent ductus had been ligated. Radiograph shows cardiomegaly, area of atelectasis on right, and gross reticular shadows on 


both sides. 


B, At age 11 months. Gross distortion of pulmonary architecture, irregularity of aeration, and overinflation in right side of lower chest are seen. 
C, At age 13 years. Lungs were voluminous and were shown by an expiratory film to deflate poorly. A major strand of fibrosis or a retracted pleural 
groove [26] is seen overlying anterior end of right third rib. (Reprinted in part with permission from Griscom et al. [27].) 


Because those who die of this illness do so sooner rather presumably varies with the nature and severity of the injuries 
than later, few autopsies have been done years after the received, the developmental stage at which they were re- 
onset of bronchopulmonary dysplasia. The histopathologic ceived, and how much time there has been for healing and 
status in adolescence and adult life is therefore unclear but growth. Fibrosis is a major component [26]. Other elements 
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are chronic inflammation and variability in diameter of the 
airways, obliterative bronchiolitis, hypertrophy of peribronchial 
smooth muscle, and areas of alveolar overdistension [24, 
29]. Cardiomegaly is common in fatal cases, as is evidence 
of pulmonary hypertensive vascular disease and of previous 
episodes of pneumonia [26]. The lungs at autopsy often have 
alternating areas of hyperexpansion and underexpansion, and 
this gives a cobblestone appearance to the pleural surface. 
By retraction, the fibrosis produces deep pleural grooves, 
occasionally as prominent as the major fissures. 

The respiratory difficulties slowly subside as the child 
grows. However, many survivors of bronchopulmonary dys- 
plasia, even in adolescence and young adult life, have wheez- 
ing, recurrent pneumonia, and decreased exercise Capacity 
[24, 29]. Pulmonary function testing shows both fixed and 
reactive obstructive airway disease and a high residual volume 
(hyperinflation) [24, 30, 31]. The findings on chest films (Fig. 
9) include thickening of the interstitial tissues [27], linear 
shadows probably representing fibrosis and pleural grooves, 
mild hyperexpansion, cuffing of the bronchial walls, and the 
formation of blebs. Films also may show irregularity of aera- 
tion and distortion of the bronchovascular architecture. The 
radiologic appearance and the respiratory compromise may 
be severely worsened by superimposed infection. However, 
the appearance improves with age, and the radiographic 
findings often subside below recognizability. In general, chest 
films understate the degree of the functional problem. At age 
6-10 years, survivors of bronchopulmonary dysplasia have 
focal areas of markedly delayed washout on radiospirometry, 
another sign of multifocal airway obstruction, and irregular 
distribution of pulmonary blood flow [9]. 

The earlier infants with bronchopulmonary dysplasia, the 
cohorts who are now reaching adult life, probably sustained 
pulmonary injuries of only moderate severity. Later survivors 
include infants of much lower birth weight who required much 
more vigorous neonatal therapy. These are expected to have 
more severe residual abnormalities, both functional and radio- 
logic. Furthermore, as more and smaller premature infants 
survive, the prevalence of the illness will probably increase. 
The further difficulties that all these patients will experience 
as they proceed through adulthood are unknown. Airway 
problems (asthma, viral bronchitis, bronchiolitis) are likely. 
Pneumonia may occur more frequently and be more debilitat- 
ing than in their peers who were born at term. 
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Review Article 





The Scintigraphic Diagnosis of Osteomyelitis 


Donald S. Schauwecker' 


Osteomyelitis is a serious health problem that results in multi- 
ple limb amputations annually. This article reviews the current 
scintigraphic procedures used in the diagnosis of osteomyelitis 
and discusses some of the newer radiopharmaceuticals now 
being developed. The goal is to understand the strengths and 
weaknesses of each method so that the procedure most effective 
for specific clinical settings can be selected. In general, the three- 
phase bone scan is the procedure of choice if the suspected 
osteomyelitis is not superimposed on another disease that 
causes increased bone remodeling (i.e., findings on the radio- 
graph are normal). If the suspected osteomyelitis is superim- 
posed on a disease that causes increased bone remodeling, the 
combined '"'In-labeled leukocyte-**"Tc bone scan is the proce- 
dure of choice in the non-marrow-containing skeleton and the 
™'In-labeled leukocyte and °°"Tc bone marrow scans are the 
procedures of choice in the marrow-containing skeleton. 


Use of scintigraphy in the diagnosis of osteomyelitis was 
established in 1975 when three landmark articles [1-3] ap- 
peared. First, Duszynski et al. [1] discovered that a bone 
scan could be used to diagnose osteomyelitis several days 
before radiographs showed any abnormalities. Second, Gilday 
et al. [2] added the blood-pool image to the bone image as a 
forerunner of the current three-phase bone scan. Finally, 
Deysine et al. [3] proposed the use of gallium-67 for the study 
of chronic and postoperative osteomyelitis. 


Three-Phase Bone Scan 


Localization of *°"Tc-diphosphonate in bone is related to 
both osteoblastic activity and skeletal vascularity. Commonly, 
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the bone scan will show abnormal uptake of the radionuclide 
10-14 days before loss of bone mineral is great enough to 
be seen on plain radiographs [4]. For example, 17 of 19 sites 
of osteomyelitis in children that were imaged within 3 days 
after the onset of symptoms showed abnormal uptake on the 
bone scan, whereas only one abnormal site was seen on the 
radiograph [5]. In fact, if antibiotic therapy is begun early 
enough to arrest the loss of bone mineral, the characteristic 
radiographic findings may never develop [6]. 

The three-phase bone scan is the routine nuclear medicine 
procedure for diagnosis of osteomyelitis. The first phase, the 
nuclear angiogram or flow phase, consists of serial 2- to 5- 
sec images of the area of suspected osteomyelitis that are 
obtained during injection of the radiopharmaceutical. The 
second phase, the blood-pool image, is obtained within 5 min 
after injection. In areas of inflammation, capillaries dilate, 
causing increased blood flow and blood pooling. The third 
phase, the bone image, is obtained about 3 hr later, when 
urinary excretion has decreased the amount of the radio- 
nuclide in the soft tissues. Classically, with cellulitis, diffuse 
increased uptake occurs in the first two phases, but uptake 
is normal or diffusely increased in the third phase (Fig. 1). If 
present, diffuse increased uptake in the third phase is prob- 
ably due to regional hyperemia caused by the cellulitis [7] 
(Fig. 1). Osteomyelitis causes focally increased uptake in all 
three phases (Fig. 2). 

Recently, some have proposed adding a 24-hr image to the 
three-phase bone scan to create the four-phase bone scan 
[8, 9]. The amount of radionuclide in the lesion vs the amount 
in normal bone should continue to increase during the fourth 
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Fig. 1.—Three-phase bone scan in plantar projection shows classic findings of cellulitis. 
A, Four frames from dynamic phase show diffuse increased blood flow to right medial forefoot. 


B, Second phase shows increased uptake of radionuclide in blood pool throughout right foot, especially in same right medial forefoot area shown in A. 
C, Delayed image shows no area of focal increased activity corresponding to findings of first two phases (A and B). Diffuse increased activity throughout 
right foot compared with left foot is caused by hyperemia from cellulitis [7]. 





Fig. 2.—A-C, Three-phase bone scan shows classic findings of osteomyelitis. Flow images (A), blood-pool image (B), and delayed image (C) all show 


intense focal localization in left fifth metatarsal. 


phase, if the lesion is osteomyelitis [8, 9]. The four-phase 
bone scan is based on solid theoretical considerations. Uptake 
of °°™Tc-methylene diphosphonate stops at about 4 hr in 
lamellar bone (normal skeleton) but continues for about 24 hr 
in woven bone (abnormal bone around osteomyelitis and bone 
tumors) [9]. The four-phase bone scan has proved useful for 
the evaluation of lesions of the feet in patients with peripheral 
vascular disease [8]. Often, bone detail is very poor on 3-hr 
delayed images in these patients, but is greatly improved by 
24 hr. To date, the four-phase bone scan has not been widely 
accepted, perhaps because of the inconvenience of having 
the patient return for the fourth phase. False-positive results 
have been reported for degenerative diseases [8] and metas- 
tases [9]. Guan et al. [10] reported that the increased 24-hr/ 
4-hr uptake ratio can be used to differentiate benign from 
malignant bone lesions. 


In adults who have normal findings on radiographs (i.e., 
who have no lesions that cause increased bone turnover), the 
three-phase bone scan has high sensitivity and specificity 
(Table 1). When the results in Table 1 are added together, 
sensitivity is 94% (182/194) and specificity is 95% (360/380). 
In routine clinical practice, most cases of osteomyelitis can 
be detected by using the three-phase bone scan. 

In neonates, the sensitivity of the three-phase bone scan 
decreases. Neonates with osteomyelitis have falsely normal 
or cold defects on three-phase bone scans 22-68% of the 
time [14-16]. 

There are two possible explanations for these results. First, 
these studies were performed in the late 1970s; gamma 
cameras have improved since then. More recently, Bressler 
et al. [17] studied 33 neonates less than 6 weeks old, and 13 
(87%) of 15 had classical findings for osteomyelitis on three- 
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TABLE 1: Results of Three-Phase Bone Scans in Osteomyelitis: 
Optimal Conditions 
ee 5 EEE 





Reference Sensitivity Specificity 
Gilday et al. [2] 70/71 65/65 
Howie et al. [5] 55/62 152/165 
Majd and Frankel [6] 22/23 42/42 
Lisbona and Rosenthall [11] 16/17 21/23 


Kolyvas et al. [12] 7/8 NA 
Maurer et al. [13] 12/13 


Note.—NA = not available. 


phase bone scans. The remaining two patients had cold 
defects. The authors stressed the importance of optimal- 
quality scintigrams of the region of the epiphysis. 

Second, Allwright et al. [18] found that the cold lesion on 
the third phase of the bone scan was caused by a subperios- 
teal abscess. In children, a large portion of the blood supply 
to the bone comes from periosteal vessels, and these are 
apparently disrupted by the subperiosteal abscess [18]. When 
Clinical findings strongly suggest osteomyelitis, but findings 
on the three-phase bone scan are normal, °’Ga-citrate has 
been recommended for the second study [19]. This does not 
necessarily mean that °’Ga-citrate is more sensitive for neo- 
natal osteomyelitis than the three-phase bone scan is. After 
further evolution of the lesion, the second study would more 
likely be diagnostic. 

The three-phase bone scan is less specific when bone 
remodeling is increased (Table 2). When the results in Table 
2 are added together, sensitivity is 95% (250/262) and spec- 
ificity is 33% (110/330). In these situations °’Ga-citrate or 
""In-labeled leukocytes have been used to try to increase 
specificity. 


Gallium-67 


Results of studies evaluating the sensitivity and specificity 
of °’Ga-citrate scans in osteomyelitis are variable (Table 3). 
When the results of these studies are added together, sensi- 
tivity is 81% (209/257) and specificity is 69% (188/272). Ga- 
citrate localizes in areas of osteomyelitis by granulocyte or 
bacterial uptake, and by binding to lactoferrin at the site of 
infection [40]. However, °’Ga-citrate was originally proposed 
as a bone scanning agent [41], and it shows increased uptake 
in areas of increased bone remodeling, such as bones with 
neuropathic changes [42, 43] or pseudarthrosis [32] (Fig. 3). 

To overcome this problem, some authors have proposed 
comparing the °’Ga-citrate uptake in the lesion with the 
uptake on a bone scan; disparate distribution of uptake or 
increased intensity would constitute osteomyelitis [44, 45]. 
Unfortunately, as seen in Table 3, °’Ga-citrate can be sensitive 
or specific in complicating cases, but it is difficult to obtain 
high sensitivity and high specificity simultaneously [28]. When 
°’Ga-citrate and '''In-labeled leukocytes have been directly 
compared in the same patient, the labeled leukocytes are 
usually significantly better for the diagnosis of osteomyelitis 
[28, 37, 38]. Currently, °’Ga-citrate is rarely used for the 
diagnosis of osteomyelitis when '''In-labeled leukocytes are 
available. 
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TABLE 2: Results of Three-Phase Bone Scans in Osteomyelitis: 
Complicating Conditions 











Reference Sensitivity Specificity 

Park et al. [20] 20/24 9/12 
Modic et al. [21] 20/22 11/14 
Lewin et al. [22] 5/8 13/23 
Maurer et al. [23] 3/4 5/9 

Unger et al. [24] 9/11 13/20 
Sugarman [25] 37/37 30/95 
Magnuson et al. [26] 50/50 9/48 
Splittgerber et al. [27] 3/3 0/3 

Schauwecker et al. [28] 32/32 0/25 
Al-Sheikh et al. [29] 10/10 3/12 
lvancevic et al. [30] 15/15 0/2 

Ruther et al. [31] 13/13 0/19 
Hadjipaviou et al. [32] 2/2 0/9 

Keenan et al. [33] 31/31 17/39 





TABLE 3: Results of °’Ga-Citrate Scans in Osteomyelitis 








Reference Sensitivity Specificity 

Lisbona and Rosenthall [11] 17/17 23/23 
Shafer et al. [34] 15/16 21/22 
Esterhai et al. [35] 13/13 0/11 
Merkel et al. [36] 11/23 6/7 
Al-Sheikh et al. [29] 8/10 10/12 
Modic et al. [21] 12/13 7/7 
Lewin et al. [22] 8/8 16/23 
Sugarman [25] 25/26 15/50 
Seabold et al. [37] 2/9 16/16 
Schauwecker et al. [28] 21/21 2/8 
lvancevic et al. [30] 12/15 2/2 
Handmaker and Giammona 13/17 NA 
[19] 

Merkel et al. [38] 19/35 70/80 
Hadjipaviou et al. [32] 2/2 0/9 
Borman et al. [39] 31/32 0/2 





Note.—NA = not available. 


Indium-111—Labeled Leukocytes 


Leukocytes labeled with '''In have been used to overcome 
certain limitations of the °’Ga-citrate scan. Labeled leukocytes 
accumulate in areas of infection. Localization of the cells is 
specific for infection when suspected osteomyelitis is super- 
imposed on processes that cause increased bone remodeling 
[23, 28, 46, 47]. The sensitivity and specificity of '''In-labeled 
leukocyte scans are reviewed in Table 4. When the results 
are added together, sensitivity is 88% (422/480) and specific- 
ity is 85% (389/457). 

Most of the reported studies of '''Iln-labeled leukocyte 
scintigrams are retrospective. Studies by Seabold et al. [37] 
and Esterhai et al. [49] are particularly important as they are 
prospective studies that used '''In-labeled leukocytes to eval- 
uate osteomyelitis complicating fracture nonunion. Their gold 
standard was open biopsy and culture in all patients. Esterhai 
et al. [49] had 15 true-positive findings and five true-negative 
findings. Seabold et al. [37] reported 16 true-positive, 28 true- 
negative, one false-positive, and three false-negative results. 
Together, these prospective studies had a combined sensitiv- 
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Fig. 3.—Neuropathic osteopathy can be difficult to differentiate from osteomyelitis. Three-phase bone scan showed focal increased activity in tarsal 


region on all three phases. 


A, Bone image of three-phase bone scan shows increased uptake of radionuclide in tarsal region. 
B, *’Ga-citrate image on day 5 is virtually identical to delayed bone image (A). 
a 24-hr '"'In-labeled leukocyte study shows no accumulation of radionuclide. At surgery, no evidence of osteomyelitis was seen. An ulcer was skin 


grafted, and foot healed normally. 


TABLE 4: Results of '''In-Labeled Leukocyte Scans in 
Osteomyelitis 
72S Se rE EE MTSE mee oe 


Reference Sensitivity Specificity 
Schauwecker et al. [28] 24/32 24/25 
Merkel et al. [36] 19/23 6/7 
Ouzounian et al. [48] 13/14 39/41 
Wukich et al. [47] 20/21 11/29 
Esterhai et al. [49] 10/10 9/9 
lles et al. [50] 16/19 27/33 
Magnuson et al. [26] 44/50 35/48 
Seabold et al. [37] 16/19 28/29 
Al-Sheikh et al. [29] 8/10 9/12 
Maurer et al. [23]? 3/4 8/9 
Splittgerber et al. [27]? 3/3 3/3 
Schauwecker et al. [51]? 17/17 15/18 
McCarthy et al. [52]? 27/28 9/11 
Schauwecker [53] 179/206 140/151 
Mulamba et al. [54] 12/13 17/17 
Keenan et al. [33]* 11/11 13/19 


ee ee 
a Diabetic foot. 


ity of 91% and specificity of 97% for diagnosis of osteomyelitis 
complicating fracture nonunion. 

The diagnosis of osteomyelitis in patients with diabetic 
osteopathy is a serious clinical problem. Although the results 
in diabetics appear promising (Table 4), important difficulties 
still exist. Determining that infection is either present or absent 
does not always answer all the clinical questions. Maurer et 
al. [23] found that '''In-labeled leukocyte scintigraphy had 
good sensitivity and specificity for the detection of infection 
in diabetic foot disease, but the scans were not useful for 
differentiating infection in the bone from that in the adjacent 
soft tissue. More recent work uses the combined °°"Tc bone 
scan-'''In-labeled leukocyte study to determine if the leuko- 


cyte collection is in the bone or soft tissue (Figs. 4 and 5). 
Using this combined study, Schauwecker et al. [51] correctly 
localized the infection to the bone or soft tissue 89% of the 
time in patients with neuropathic foot diseases. 

Unfortunately, even with these advances, the diagnosis of 
osteomyelitis superimposed on diabetic neuropathic osteo- 
pathy remains a challenging clinical problem. Seabold et al. 
[55] found that rapidly progressing noninfected neuropathic 
osteoarthropathy of recent onset can be indistinguishable 
from osteomyelitis with either the combined °°"Tc bone scan- 
'"'In-labeled leukocyte study or MR imaging. 

One study [53] retrospectively reviewed 485 patients with 
suspected osteomyelitis and showed some of the limitations 
of using '''In-labeled leukocytes. Acute osteomyelitis can be 
readily diagnosed anywhere in the body, whereas chronic 
osteomyelitis, with its lower influx of labeled leukocytes, is 
seen accurately in the peripheral skeleton only. The ''In- 
labeled leukocytes accumulate in active bone marrow, which 
reduces the sensitivity for detection of chronic osteomyelitis 
in the central skeleton [53]. Low sensitivity for vertebral 
osteomyelitis when using labeled leukocytes has also been 
reported by Whalen et al. [56] and Ruther et al. [31]. 

A cold defect in the central skeleton on a '"'In-labeled 
leukocyte study is often confusing (Fig. 6). The defect occurs 
in 10-40% of such studies for suspected osteomyelitis in the 
central skeleton [53, 56-59]. Although the cold defect could 
represent osteomyelitis, it also is seen in metastases, frac- 
tures, Paget disease, surgical defects, and intervals after 
irradiation [53, 56-59]. The cold defect is consistent with, but 
not diagnostic of, osteomyelitis. Palestro et al. [60] performed 
serial studies in patients with vertebral osteomyelitis and 
found a progression from hot to cold as the lesions became 
more chronic. Whalen et al. [56] showed that antibiotic ther- 
apy was correlated with a high incidence of cold defects. 
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Fig. 4.—A-F, Combined three-phase 
bone scan-'"'In-labeled leukocyte 
study for diagnosis of osteomyelitis in 
a patient with obvious cellulitis. Images 
A+B=CandD+E=F. 

A and B, Left lateral '"'In-labeled leu- 
kocyte scan (A) and bone image (B). 

D and E, Plantar '"'In-labeled leuko- 
cyte scan (D) and bone image (E). 

C and F, Superimpositions of A on B 
(C) and D on E (F), respectively. '"'In- 
labeled leukocyte activity is localized 
to ventral and dorsal soft tissues and 
not within bone. This represents cellu- 
litis without evidence of osteomyelitis. 


Fig. 5.—A-F, Combined three-phase 
bone scan-'"'In-labeled leukocyte 
study for diagnosis of osteomyelitis. 
ImagesA+B=CandD+E =F. 

A and B, Plantar '"'In-labeled leuko- 
cyte scan (A) and bone image (B). 

D and E, Left lateral '''In-labeled leu- 
kocyte scan (D) and bone image (E). 

C and F, Superimpositions of A on B 
(C) and D on E (F), respectively. On 
both projections, activity clearly lies 
within, and adjacent to, bone. Osteo- 
myelitis and adjacent cellulitis are 
clearly present. 
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Either of these mechanisms could result in a more indolent 
infection with decreased leukocyte accumulation. 

One way to improve specificity in the central skeleton is to 
perform a °°"Tc bone marrow scan and '''In-labeled leukocyte 
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study [61-63]. The °°"Tc sulfur or antimony colloid will clearly 
delineate the extent of the bone marrow. Any incongruity of 
the bone marrow and '"'In-labeled leukocyte images would 
be considered significant (Fig 7). Recently, this study has 
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been found to increase both the sensitivity and specificity for 
complicating osteomyelitis in the central skeleton [64]. Thus, 
the °°"Tc bone marrow scan and '"'In-labeled leukocyte study 
are the procedures of choice for diagnosing complicating 
osteomyelitis in the marrow-containing skeleton. 





Fig. 6.—'''In-labeled leukocyte study shows a cold defect at L5, with 
normal distribution of labeled leukocytes in liver, spleen, and bone marrow. 
This study was consistent with, but not diagnostic of, osteomyelitis. 
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False-positive and false-negative results of '''In-labeled 
leukocyte studies have multiple causes. Some authors have 
suggested that antibiotic therapy may lower the sensitivity of 
the '''In-labeled leukocyte study [56]. Other authors [65, 66] 
have found no significant antibiotic effect. False-positive re- 
sults have been reported with rheumatoid arthritis [67], heal- 
ing fractures [68, 69], noninfected prosthesis [70], and met- 
astatic carcinoma [53, 71]. Abreu [72] recently reviewed the 
literature and listed many causes of skeletal uptake of '''In- 
labeled leukocytes. Usually the processes that give false- 
positive results for infection have fainter accumulation of 
labeled leukocytes than is seen with osteomyelitis. 

The clinician often is asked to diagnose suspected osteo- 
myelitis superimposed on healing fractures. In a canine model, 
'"In-labeled leukocytes accumulated appreciably during the 
first month but were seen only faintly when the dogs were 
imaged later [73]. This finding appears to agree with the 
results of Van Nostrand et al. [69]. A healing fracture should 
have faint uptake and be seen for only a few weeks after 
injury, compared with fracture complicated with osteomyelitis. 


Other Radiopharmaceuticals 


"In is a 3+ cation that binds to transferrin and behaves 
similarly to °’Ga-citrate in solution. However, some differences 


Fig. 7.—67-year-old man had bilateral total 
knee replacements and suspected infection. 

A and B, Anterior (A) and right lateral (B) '"'In- 
labeled leukocyte images show uptake of radio- 
nuclide around both knees. 

C and D, Anterior (C) and right lateral (D) °°" Tc- 
sulfur colloid bone marrow images are essentially 
identical to A and B. This is consistent with normal 
bone marrow only, without evidence of infection. 
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occur. '''In is localized in the bone marrow, and °’Ga-citrate 
is incorporated into the bone. The exact mechanism for 
localization of '''In-labeled leukocytes in osteomyelitis is not 
known. When the results of Sayle et al. [74, 75] and lles et 
al. [50] are added together, sensitivity is 92% (109/119) and 
specificity is 81% (42/52). To date, '''In has not had general 
acceptance, possibly because it is not an approved radio- 
pharmaceutical in the United States. 

Vorne et al. [76] compared *°"Tc-nanocolloid with °°"Tc- 
labeled leukocytes and found similar sensitivities and specific- 
ities for infectious bone and joint disease. However, they had 
poor results for inflammatory bowel disease, infections of 
vascular grafts, and soft-tissue abscess. It is doubtful that an 
agent effective for bone and joint infections only will gain wide 
acceptance. 


Current Practice 


A brief review of the radiologic studies used for osteomye- 
litis is required before assessing the role of the scintigraphic 
studies. Plain radiography should be the first study in every 
patient. Although the plain radiograph may be diagnostic, the 
characteristic bone changes require 10-14 days to develop 
[4]. It can also determine if the suspected osteomyelitis is 
superimposed on some other process that requires more 
complex scintigraphic evaluation. 

In the past, CT was used to diagnose osteomyelitis. CT 
gives excellent images of the bone cortex and is still used to 
determine the cortical extent of bone infection. In addition, it 
is used to guide the biopsy in vertebral osteomyelitis or other 
procedures when fluoroscopy would be suboptimal. However, 
in most situations, CT has been replaced by MR imaging. 

MR imaging has the best resolution of soft-tissue vs bone 
infection of any imaging technique. Table 5 lists the results of 
several studies that used MR imaging to diagnose osteomye- 
litis. When the results of Table 5 are added together, sensitiv- 
ity is 95% (188/197) and specificity is 88% (103/117). How- 
ever, any disease that replaces bone marrow and causes 
increased tissue water (e.g., healing fractures or tumors) may 
resemble osteomyelitis [78, 88]. In addition, artifacts caused 
by joint implants may degrade the images sufficiently to make 
diagnosis of infected joint arthroplasty impossible [88]. For 
osteomyelitis, MR imaging gives results similar to those of 
the three-phase bone scan (Table 1) but is considerably more 


TABLE 5: Results of MR Imaging in Osteomyelitis 





Reference Sensitivity Specificity 
Beltran et al. [77] 13/13 8/9 
Unger et al. [78] 11/12 22/23 
Tang et al. [79] 10/10 4/4 
Modic et al. [80] 12/13 13/14 
Yuh et al. [81] 25/25 17/19 
Beltran et al. [82] 6/6 5/7 
Zynamon et al. [83] 27/27 12/14 
Dalla Palma et al. [84] 19/19 1/2 
Wang et al. [85] 45/46 13/16 
Mason et al. [86] TUTA 2/3 
Hovi et al. [87] 9/15 6/6 
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expensive. At our institution, MR imaging is rarely used to 
diagnose osteomyelitis, however, its excellent resolution is 
often used to determine the extent of infection. This use of 
MR is similar to that proposed by Gold [89]. 

Current scintigraphic diagnosis of osteomyelitis in various 
clinical situations can be summarized as follows: (1) If the 
suspected osteomyelitis is in a location that appears normal 
on the radiograph, the three-phase bone scan is highly sen- 
sitive and specific. In routine clinical practice, this situation 
should be the most common. (2) In neonates, the three-phase 
bone scan, with whole body imaging, is the first study. If 
these findings are normal, a °’Ga-citrate scan would be the 
second study. (3) Suspected acute or chronic complicating 
osteomyelitis in the non—marrow-containing skeleton can be 
evaluated by using the combined *"Tc bone scan-'"'In- 
labeled leukocyte study. (4) Acute complicating osteomyelitis 
in the bone marrow-containing skeleton (e.g., hips and knees) 
can be evaluated by using the *’"Tc bone marrow scan and 
"'In-labeled leukocyte study. (5) Chronic complicating osteo- 
myelitis in the bone marrow-containing skeleton can be diffi- 
cult to diagnose. At present, the °°"Tc bone marrow scan and 
""'In-labeled leukocyte scan appear to be the procedures of 
choice. 

The following procedures are experimental and may even- 
tually lead to superior accuracy in the diagnosis of osteomye- 
litis. 


°"T¢-Hexamethylpropyleneamine Oxime (HMPAO)-Labeled 
Leukocytes 


Several techniques for labeling leukocytes with ®°™Tc have 
been proposed, but the most generally accepted approach is 
the use of °°" Tc-HMPAO. Preliminary results are encouraging 
(Table 6). When the results in Table 6 are added together, 
sensitivity is 87% (81/93) and specificity is 81% (54/67). In 
general, leukocytes labeled with °°"Tc-HMPAO and leuko- 
cytes labeled with '''ln would be expected to have similar 
false-positive and false-negative results because both proce- 
dures use leukocytes to carry the radionuclide to the site of 
infection. 

Leukocytes labeled with °°"Tc-HMPAO have two distinct 
advantages. First, approximately 40 times as much radioac- 
tivity is injected, which will allow the use of single-photon 
emission computed tomography (SPECT) and may produce 
higher sensitivity. Second, °°" Tc-HMPAO is easily produced 
from a kit and is always available. Indium-111 may not be 


TABLE 6: Results of °°"Tc-HMPAO-Labeled Leukocyte Scans 
in Osteomyelitis 








Reference Sensitivity Specificity 
Vorne et al. [90] 8/10 7/7 
lvancevic et al. [30] 14/15 2/2 
Vorne et al. [76] 13/14 7/8 
Roddie et al. [91] 4/4 14/15 
Ruther et al. [31] 15/22 19/29 
Verlooy et al. [92] 27/28 5/6 


a NT 
Note.—HMPAO = hexamethylpropyleneamine oxime. 
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readily available in some hospitals. The chief advantage of 
using leukocytes labeled with '''In is the ability to perform 
simultaneous °°"Tc imaging of bone or bone marrow, which 
can better localize the infection to bone or soft tissue. 

Although leukocytes labeled with '''In or °°"Tc-HMPAO 
provide good sensitivity and specificity, both require extensive 
separation and labeling. This procedure takes about 2 hr and 
requires considerable skill to ensure that the cells are not 
damaged. In order to obtain satisfactory results with labeled 
leukocytes, it is necessary to use undamaged, fully functional 
cells. New agents available as kits are being developed that 
will alleviate this difficulty. 


Labeled Antibodies 


Preliminary results from European studies [31, 93, 94] that 
used either °°"Tc- or '**l-labeled antigranulocyte antibodies 
appear favorable. The agent is available as a kit in Europe, 
and the possibility of phase Ill trials in the United States is 
being discussed. Experience with '''In-labeled granulocytes 
suggests that this agent may have decreased sensitivity in 
chronic infections in which the granulocyte response is dimin- 
ished [95]. On the other hand, Peters and Lavender [96] 
recommend pure granulocytes when studying chronic osteo- 
myelitis so that none of the activity is wasted on nonneutro- 
philic cells. Antigranulocyte antibodies have been produced 
from mouse antibodies, and some adverse reactions have 
been reported. Further work is required to establish the role 
of antigranulocyte antibodies in the diagnosis of osteomyelitis. 

Recently, '''In-labeled human polyclonal immunoglobulin G 
(IgG) against inflammation has been developed [97, 98]. Pre- 
liminary results are quite promising (Table 7). When the results 
of Table 7 are added together, sensitivity is 98% (39/40) and 
specificity is 86% (25/29). Because this agent is a human 
antibody, it should not produce the human antimouse anti- 
body reaction that is seen occasionally with antigranulocyte 
antibody. The biodistribution of '''In-labeled human polyclonal 
IgG is considerably different from that of labeled leukocytes. 
Thus, approximately four times the activity can be adminis- 
tered, which may result in higher sensitivity. Phase Ill trials 
should be completed in the United States before this article 
is published. The antibody is already available commercially 
in Europe. 


Conclusions 


In the past few years, new radiopharmaceuticals have been 
developed and old studies have been recombined to better 
localize bone and soft-tissue infection. Currently, most cases 


TABLE 7: Results of Labeled Human Polyclonal 
Immunoglobulin G Scans in Osteomyelitis 
SSS a ee SS 2 ee es e 








Reference Label Sensitivity Specificity 
Rubin et al. [99] "In 12/12 12/12 
Oyen et al. [100] In 23/23 5/9 
Buscombe et al. [101] %"Tc 4/5 8/8 
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of osteomyelitis can be readily diagnosed by scintigraphic 
techniques. However, a few clinical situations remain in which 
a definitive diagnosis is difficult to establish by using any of 
the known radiologic or scintigraphic approaches. It is hoped 
that in the future, clinicians will have even better methods 
available for diagnosing complicated cases of osteomyelitis. 
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Computed Radiography in Musculoskeletal Imaging: State 
of the Art 


Mark D. Murphey,’ James L. Quale,’ Norman L. Martin,’ John M. Bramble,’ Larry T. Cook,’ and 


Samuel J. Dwyer III"? 


Computed radiography is a 2K x 2K x 10 bit digital radiographic 
system that replaces the film-screen combination with a photo- 
stimulable phosphor plate. The advantages of this relatively new 
technology include linear detector response, improved detector 
efficiency, and digital processing capabilities. Musculoskeletal 
applications benefit significantly from these attributes, which 
result clinically in the ability to reduce both radiation dose and 
number of exposures. Studies of observers’ performance have 
shown no statistically significant difference in diagnostic accu- 
racy between film-screen and computed radiographic musculo- 
skeletal images. Computed radiography is particularly useful in 
the evaluation of the musculoskeletal system in traumatized 
patients with portable radiographs, spine radiographs, scoliosis 
studies, and depiction of soft-tissue abnormalities. Limitations 
include change in image format and size, high cost, decreased 
spatial resolution, restricted throughput, increased perception of 
noise, and new artifacts that must be recognized. Spatial reso- 
lution limitations of computed radiography in identification of fine 
detail information can be improved by using magnification tech- 
niques. Radiation dose reduction with an exposure decrease of 
25-50% can be achieved without loss of diagnostic accuracy, 
although this depends on the examination and the abnormality. 
An interactive workstation is important in the use of a computed 
radiographic system with capabilities to adjust display parame- 
ters to best depict images and disease. 

We conclude that computed radiography is an alternative to 
film-screen radiography without significant differences in diag- 
nostic quality in the evaluation of musculoskeletal images. 


Computed radiography (CR) is a relatively new digital radio- 
graphic system that uses a photostimulable phosphor plate 
as the X-ray detector [1-4]. It has evolved from conventional 
analog radiography and has three primary advantages: (1) 
improved detector efficiency; (2) linear detector response; and 
(3) the capabilities of digital processing for image enhance- 
ment, storage, retrieval, display, and transmission. Radiog- 
raphy of the musculoskeletal system benefits significantly 
from these advantages. This article reviews the applications 
of CR in musculoskeletal imaging. 


Technical Considerations 


CR systems replace the conventional film-screen combi- 
nation with a storage phosphor (photostimulable phosphor). 
The phosphor imaging plate is placed in a film-screen cas- 
sette, and conventional radiographic imaging equipment and 
techniques are used. The flexible imaging plate contains a 
phosphor layer of fine-grain (5-10 um) barium fluorohalide 
crystals doped with divalent europium (Eu**). This is dis- 
persed in high concentrations in a binder and coated on a 
transparent film protective layer. The imaging plates are sim- 
ilar to screens, and care must be taken in handling. Weekly 
cleaning of the plates is suggested to avoid dust accumula- 
tion, a common cause of artifacts. When the imaging plate is 
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exposed, electrons are excited to higher energy levels (con- 
duction band) by the primary incident radiation (X-rays). Solid- 
state conduction occurs, these electrons are trapped at halide 
vacancies (color centers) to form F centers, and holes are 
captured at Eu** sites to create Eu** [1]. The exposed 
imaging plate is scanned by a helium-neon (633 nm) laser. 
When the phosphor crystals are irradiated by the secondary 
excitation (laser), the color centers absorb energy. The 
trapped electrons drop to lower energy levels, and light is 
emitted in a process referred to as photostimulable lumines- 
cence. This luminescence is captured by a photomultiplier 
tube and converted to an analog electrical signal, which is 
then digitized. 

Detector efficiency and linear response are terms that 
require understanding. Detector efficiency is defined as the 
percentage of photons emanating from the subject that result 
in the formation of the image at the detector. Faster film- 
screen combinations have greater efficiency and therefore 
allow decreased radiation dose to the patient. Phosphor plate 
detectors are two to four times as efficient as the fastest 
film-rare earth screen combinations typically used in muscu- 
loskeletal examinations. Further improvement in efficiency is 
currently being investigated with different element mixtures 
for the detectors such as selenium and cesium iodide (Blume 
H, presented at International Meeting Digital Radiology and 
Network, April 1991). This clinically results in the ability to 
reduce radiation dose (Fig. 1). 

Linear response of the detector refers to its ability to show 
various degrees of exposure accurately as differences in 
density [3]. High-contrast film-screen systems have a narrow 
range of exposure in which the film density is proportional to 
film-screen exposure. Low-contrast systems allow a wide 





A B 


Fig. 1.—Wide dynamic range of computed radiography is depicted on 
these lateral radiographs of knee phantom. 

A and B, Exposure techniques of 70 kVp with 16 mAs (A) and 1.6 mAs 
(B) show similar density. Similar 10-fold difference in mAs with conven- 
tional radiographs (not shown) were over- and underexposed and were 
nondiagnostic. The 10% exposure phosphor plate image (B) reveals in- 
creased noise as graininess. 
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range of exposures. The response of the phosphor imaging 
plate—the log of the stimulated luminescence intensity output 
as a function of the log of the X-ray intensity exposure—is 
linear over a range of 10,000 or more. This exceeds that of 
film-screen combinations by a factor of 100. This offers dis- 
tinct advantages in parts of the body that have a large range 
of subject contrast (osseous and soft tissue) and body thick- 
ness. Improved linear response allows further reduction of 
radiation dose by decreasing repeated examinations owing 
to initial incorrect exposures. In our department, film-screen 
images are repeated in approximately 6% of cases as op- 
posed to less than 1% for CR, a significant decrease in 
repeated examinations. 

Currently available CR systems use a 2K x 2K x 10 bit 
matrix. The experience at our institution is from approximately 
20,000 examinations (approximately 25% musculoskeletal 
images [5000 studies]) performed in a 2- to 3-year period. A 
typical CR system with description of the components and 
functions is illustrated in Figure 2. The laser plate scanning 
parameters are established by algorithms so as to maximize 
the signal-to-noise ratio (setting the sensitivity and latitude) of 
the latent image. Histogram analysis for latitude and sensitivity 
is performed over a selected portion of the image and is 
dependent on the type of examination, anatomic location 
being imaged, and proper positioning of the patient by the 
technologist. The digital imaging data are processed for edge 
enhancement and contrast mapping, selected by examination. 


Observer Performance Investigations 


Conversion from conventional radiography to digital imag- 
ing, including CR phosphor plate systems, provides multiple 





Fig. 2.—Pictorial representation of a typical computed radiography 
system and its components. Reception terminal (A) is designed to enter 
patient’s information into computed radiography system. Examination room 
terminal (B) is used to select type of examination (menu selection) and 
imaging parameters to be used. Exposed phosphor plate is entered into 
laser reader (C). Laser beam scans across phosphor plate. Photolumi- 
nescence light is digitized. Digital data are transmitted to image processor 
(E) and archived on optical disk (F). Enhanced digital image data are 
recorded by laser printer (D). Laser printer and 90-sec automatic film 
processor (D) generate film hard copy of examination. Image processor 
(E) is connected to gray-scale display workstation (F). Image processor is 
a hard-wired computer that executes processing commands of interactive 
workstation (F). Arrows show flow of digital data. 
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advantages. These include improvement in image processing, 
storage, retrieval, and display, as well as the ability to reduce 
radiation dose with phosphor plate technology [5]. Diagnostic 
quality must be maintained in comparison with conventional 
radiography. One of the current limitations of digital imaging 
is the reduced spatial resolution available compared with 
conventional radiography. The maximum spatial resolution of 
the 2K x 2K x 10 bit phosphor plate system (2.5-5.0 cycles/ 
mm corresponding to pixel size of 0.1-0.2 mm) and imaging 
plate size availability are shown in Table 1. This spatial 
resolution is in the range shown to be necessary in previous 
investigations for the vast majority of diagnostic needs, in- 
cluding those involving fine detail information (interstitial lung 
disease, pneumothorax, and nondisplaced fractures) [6-13] 
(Table 2). An exception to this in musculoskeletal imaging 
may be identification of subperiosteal resorption in hyperpara- 
thyroidism. Magnification techniques (Fig. 3) have been used 
in CR, as demonstrated by Nakano et al. [14] and Gianna- 
tempo et al. [15], and may alleviate spatial resolution con- 
straints in detection of subtle musculoskeletal abnormalities. 

A significant deficiency in the current literature is the limited 
number of quantitative studies that compare observers’ per- 
formance with CR and film-screen techniques in musculo- 
skeletal imaging. Investigations by Prokop et al. [16] showed 
no difference in observers’ performance in detection of ex- 
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perimentally produced cortical lesions when film-screen ra- 
diography was compared with CR. These cortical lesions 
were experimentally produced, which restricts the clinical 
application of this study. The size of the defects (>3 mm) 
chosen made this study dependent on contrast resolution 
and thus one of the few investigations of this important 
parameter. Wilson et al. [17] showed no statistically significant 
difference between conventional radiography and CR in over- 
all relative accuracy in detecting and localizing minor trauma 
in the extremities. The observer performance study provided 
mixed results, with a subgroup of fractures at a specific false- 
positive fraction showing a significant difference with prefer- 
ence for film-screen images. Concern was raised about the 
adequacy of CR systems because of the fracture subset data. 
Our recent investigation (Murphey MD et al., presented at the 
annual meeting of the American Roentgen Ray Society, May 
1991) of approximately 150 musculoskeletal examinations 
and a variety of diseases, including a subset of subtle abnor- 
malities (high-frequency information), showed no significant 
difference in diagnostic accuracy between conventional ra- 
diography and CR. Both our study and that of Wilson et al. 
[17] showed conventional radiography had slightly greater 
area under the receiver-operating-characteristic (ROC) 
curves, Suggesting some improved performance with conven- 
tional radiography. However, we agree with Yang et al. [18] 


TABLE 1: Imaging Plate Sizes and Spatial Resolution 





Storage Phosphor 
Imaging Plate Size in 


Laser Scanning 
Beam Pixel Size 


Digital Data Array Size 


Maximum Spatial 
Resolution in cycles 





in. (cm) (um) (pixels) (pixels)/mm 
14 x 17 (36 x 43) 200 1760 x 2140 x 10 bits 2:5 {5) 
14 x 14 (36 x 36) 200 1760 x 1760 x 10 bits 2.0 (9) 
10 x 12 (25 x 30) 150 1576 x 1976 x 10 bits 3.4 (7) 
8 x 10 (20 x 25) high 100 1770 x 2370 or 2510 5.0 (10) 
resolution x 2000 x 10 bits 





P 24 445 


TABLE 2: Studies Estimating Spatial Resolution Requirements for Digital Imaging 





Estimated Required 





Investigator Display Technology Abnormality Pixel Size in mm 
(cycles/mm) 

Foley et al. [7] (1983) Film Chest nodules 1.0 (0.5) 

Seeley et al. [13] (1987) Film Lung disease 0.2 (2.5) 

MacMahon et al. [10] Film Interstitial infiltrates 0.1 (5.0) 
(1986) 

Lams and Cocklin [9] CRT (1K X 1K x 8 Nodules and interstitial <0.8 (0.6) 
(1986) bits) disease 

Goodman et al. [8] CRT (1K x 1K x 8 Mixed chest diseases 0.2 (2.5) 
(1986) bits) 

Murphey [11] (1989) Film Subperiosteal resorp- <0.08 (5.7) 

tion 

Murphey et al. [12] Film Nondisplaced fractures <0.16 (2.9) 
(1990) 

Cox et al. [6] (1990) CRT (2K x 2K x 12 Mixed chest disease <0.2 (2.5) 


bits) and film 





Note.—CRT = cathode ray tube. 
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Fig. 3.—Phosphor plate magni- 
fication (2:1 direct enlargement) an- 
teroposterior radiograph of distal 
femur in 12-year-old girl with corti- 
cal Ewing sarcoma. “Hair on end” 
periosteal reaction (arrows) and 
Codman triangles (arrowheads) 
are well depicted on computed 
radiograph. 





that this may be an effect of the inherent subjective bias 
toward conventional radiography reflecting interpreters’ fa- 
miliarity. Yang et al. [18] showed a diagnostic accuracy (with 
ROC analysis) in CR myelography equivalent to that with the 
conventional technique in 40 cases. This study was a less 
demanding test of CR, as it was compared with a conventional 
method with reduced spatial resolution requirements and 
greater emphasis on contrast resolution. Juergen et al. (Juer- 
gen MGA et al., presented at the annual meeting of the 
Radiological Society of North America, November 1990) 
showed no difference in diagnostic accuracy in the evaluation 
of arthritis and hyperparathyroidism involving the hand when 
they compared CR and film-screen radiography. Numerous 
more qualitative assessments by Pettersson et al. [19] (spine, 
large bones and joints), Giannatempo et al. [15] (assessment 
of arthritis and renal osteodystrophy in the hand), and Kan- 
garloo et al. [20] (including skull and extremities) have shown 
CR to compare favorably with conventional radiography. Con- 
tinued quantitative investigations are necessary to establish 
a consensus on requirements of both spatial and contrast 
resolution for CR to maintain diagnostic quality similar to that 
of conventional radiography in musculoskeletal imaging. 


Specific Musculoskeletal Applications 


Portable film-screen radiography requires frequent, re- 
peated exposure to obtain acceptable quality and tends to 
provide less detail than examinations with more sophisticated 
scatter-rejection techniques. Both of these problems are im- 
proved on with CR: the wide linear response allows fewer 
reexposures; the digital processing allows edge enhancement 
to improve perception of detail. Portable musculoskeletal 
examinations are one of the most frequent applications of CR 
technology, where it is particularly useful in imaging patients 
with major trauma. Computed portable radiography is used 
for the entire spine in these patients, as well as for chest, 
pelvis, and extremity imaging. The vast majority of portable 
examinations done in the emergency department are now 
performed with CR at our institution, and 18% of our total 
workload uses this system. Our experience is similar to that 
of Milos et al. [21], that is, that skeletal radiologists and 
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emergency physicians prefer CR images to conventional 
radiographs. 

Wide variation and range of body thickness and X-ray 
attenuation in the thorax and abdomen can create exposure 
difficulties for conventional radiography of the thoracic and 
lumbar spine. The shoulders cause a similar effect for visual- 
ization of the lower cervical spine in the lateral projection. The 
wide linear response of CR is well suited to detect and 
accommodate this extreme range of attenuation. Phosphor 
plate imaging can provide a significant improvement in imag- 
ing of the cervical, thoracic, and lumbar spine as compared 
with conventional radiography. 

In a study by Silver et al. (Silver DI et al., presented at the 
annual meeting of the Radiological Society of North America, 
November 1989), 97% of CR lateral cervical spine images vs 
83% of film-screen radiographs were considered adequate. 
The bone and soft tissues were better visualized with CR in 
their study. The more uniform film density particularly im- 
proves evaluation of the hyoid, larynx, and trachea on cervical 
spine films; posterior ribs on thoracic spine films; and 
transverse processes in the lumbar region without the need 
of a bright light. Swimmer views of the lower cervical spine 
are a frequent cause of multiple exposures to achieve ade- 
quate images of the vital cervicothoracic junction in trauma- 
tized patients. These repeated examinations (approximately 
50% at our institution) can be nearly eliminated owing to the 
wide dynamic range of the phosphor plates (Fig. 4). We 
performed a study (Murphey MD et al., ARRS meeting, May 
1991) comparing the number of vertebral levels adequately 
visualized on lateral projections in patients in whom both CR 
and conventional images of the cervical and thoracic spine 
had been obtained at various exposure techniques. We found 
that an increased number of vertebral levels were more 
frequently identified with CR in both the cervical and thoracic 
spine. Thoracic spine imaging is most improved by phosphor 
plate technology, where an average of two additional spinal 
levels could be visualized in comparison with film-screen 
technology (Fig. 5). Kreipke et al. [22], on the other hand, 
found no statistical difference in the lowest cervical vertebrae 
seen on the lateral projection in their study of 109 patients 
with trauma who had both CR and conventional radiographs. 

The evaluation of scoliosis is an area where wide variation 
in density is well evaluated by phosphor plate imaging. We 
reviewed 30 posteroanterior scoliosis CR examinations and 
found anatomic landmarks for Cobb angle measurements, 
visualization of the apical vertebrae, and spinal detail ade- 
quate (Fig. 6) with exposures ranging from 50% to 100% of 
that with the film-screen technique (Murphey MD et al., ARRS 
meeting, May 1991). Kalmer et al. (Kalmer JA et al., presented 
at the annual meeting of the Radiological Society of North 
America, November 1985) have reported adequate scoliosis 
examinations with a CR system at radiation exposures of less 
than 1% of those required by film-screen systems. This 
lessening of radiation dose is particularly important in these 
young patients. In the past, many scoliosis examinations have 
been performed in the posteroanterior projection to reduce 
radiation dose to the breast. However, with the reduced 
exposure possible with the phosphor plate system, the an- 
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Fig. 4.—Normal swimmer projection computed radiograph de- 
picts cervicothoracic junction with uniform optical density range 
unlike film-screen radiographs. 
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Fig. 5.—Osseous metastasis and pathologic fracture in patient with breast car- 
cinoma. 


A and B, Lateral thoracic spine conventional radiograph (A) and phosphor plate 


image (B) with same exposure technique. Computed radiograph allows visualization 
of a greater number of vertebral levels and better shows T4 pathologic fracture 
(arrowheads). 


Fig. 6.—Computed radiograph 
of scoliosis at 50% of exposure 
technique used for film-screen ra- 
diography. Horizontal black line is 
an effect of printing two images on 
one film; however, no digital data 
are lost. 


teroposterior projection will be more feasible. This will result 
in further improvement in osseous detail. Imaging is done with 
a routine scoliosis cassette containing two phosphor plates 
that are then transferred and processed separately. Process- 
ing parameters are set differently for the thoracic and lumbar 
regions (anatomic location dependent), which allows equali- 
zation of film density to compensate for various thicknesses 
of body parts and the resulting X-ray attenuation. This is 
analogous to the use of gradient screens in the evaluation of 
scoliosis with conventional radiography. The two images can 





be printed in a one-on-one format and then taped together, 
as are conventional radiographs. For easier handling and 
storage, the scoliosis examination can be printed on a single 
film (25.7 xX 36.4 cm) via the interactive workstation. 

Evaluation of fractures, subluxations, and other abnormal- 
ities about the pelvis, acetabulum, and sacroiliac joints are 
well shown with CR in our experience. Dose reduction in 
children with Legg-Perthes disease, congenital hip dysplasia, 
and slipped capital femoral epiphysis is particularly important 
owing to lessened gonadal exposure. Lateral film-screen ex- 
aminations of the hip often require repeated exposures Owing 
to the wide range of X-ray attenuation. This is another ideal 
area for imaging with CR to eliminate these difficulties. 

The work of Wilson et al. [17] and our observer perform- 
ance study (Murphey MD et al., ARRS meeting, May 1991) 
showed no overall statistical difference between phosphor 
plate images and conventional radiographs in abnormalities 
of the extremities. However, questions have been raised [17] 
concerning the ability of CR to visualize subtle nondisplaced 
fractures where high-spatial-resolution requirements may be 
near the limits of current CR technology. The high-resolution 
phosphor plates increase maximal spatial resolution to 5 
cycles/mm. This improved osseous detail is particularly useful 
in extremity examinations, and we recommend using the high- 
resolution imaging plates whenever possible. The high-reso- 
lution imaging plate may be limited by the number available in 
a busy radiology department and the restriction of an 8- by 
10-in. (20- by 25-cm) size only. Large high-resolution and 
higher spatial resolution (4K x 4K) imaging plates are currently 
under development to alleviate these constraints. Kogutt [23] 
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Fig. 7.—Computed radiograph shows foreign body (glass fragment) 
(arrowhead) in subcutaneous tissues of foot with xeroradiographic effect. 
Conventional radiograph (not shown) also depicted foreign body; however, 
it required repeated exposure with soft-tissue technique. 


has described the use of a CR system to measure limb length 
discrepancies on radiographs at markedly reduced (96-98%) 
radiation dose. 

Xeroradiography was once used widely for soft-tissue ex- 
aminations because of its edge enhancement effect, which 
increases the soft-tissue contrast. A similar effect can be 
obtained with phosphor plates with or without the use of an 
interactive workstation. Calcifications, opaque foreign bodies, 
and soft-tissue neoplasms are particularly well shown without 
the need for an additional soft-tissue technique exposure 
often required with conventional radiography (Fig. 7). This is 
similar to improved visualization of soft-tissue calcification 
that has been shown in the thyroid cartilage and coronary 
arteries with CR [24, 25]. In the study by Milos et al. [21], all 
observers identified soft-tissue changes more accurately with 
CR images than with conventional radiographs. 

CR has also been shown to be useful and to have a 
diagnostic quality similar to that of conventional film-screen 
imaging in the evaluation of Panorex, cephalometric, and 
temporomandibular joint radiographs [26, 27]. Microden- 
sitometry with high accuracy and good reproducibility in 
measuring bone mineral content from metacarpals can be 
performed with the phosphor plates [28]. Additional areas 
notoriously difficult to adequately visualize with film-screen 
techniques are the sternum and sternoclavicular joint. These 
are not commonly ordered examinations; however, the wide 
latitude of CR offers great advantages when applied to these 
difficult areas. 


Limitations and Pitfalls 


Limitations of CR include high start-up cost in the range of 
$200,000-$900,000. These costs are decreasing and are 
partially offset by the increased efficiency of CR. Throughput 
is limited to less than 60 plates per hour. This may not be 
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adequate for many radiology departments, thus additional 
laser plate scanners may be required. 

Imaging problems can arise with the CR system because 
of positioning of the patient or extreme differences in density 
within the field of view. These factors affect the histogram 
analysis used to set the maximum and minimum signal values. 
The low-resolution, low-power prescan histogram is analyzed 
from a specific region of interest selected on the basis of the 
type of examination performed. Incorrect positioning of the 
patient or inappropriate selection of the region of interest may 
result in a degraded image. Metallic fixation, overlying metal 
in trauma-stabilizing devices, and joint replacements within 
the region of interest may alter the histogram analysis owing 
to the high-density object. This may obscure other structures 
and result in the appearance of an overexposed image (Fig. 
8). A similar phenomenon with opposite effect can occur if 
too much air is included in the histogram analysis beyond the 
field of view. The image will appear underexposed, as can be 
seen in lateral hip examinations. These new artifacts seen 
with CR can be alleviated by changing the method of selecting 
latitude and sensitivity and improved collimation if possible to 
exclude these areas from the region of interest. 

The film (26 x 36 to 35 x 43 cm) and image sizes vary 
with different manufacturers; however, image size for CR 
systems is often smaller than for their conventional counter- 
part. As an example, image size in our system (Fuji CR 780, 
Fuji, Tokyo, Japan) varies from 235 x 235 mm in a one-on- 
one format, to 178 x 178 mm in a two-on-one format, to 117 





À B 


Fig. 8.—Two computed radiographs with upper thoracic spinal fixation 
devices in place. 

A, Phosphor plate radiograph appears markedly overexposed owing to 
high-density metal altering histogram analysis. 

B, Diagnostic computed radiograph was obtained with identical expo- 
sure factors; however, sensitivity and latitude were adjusted to account 
for metallic fixation devices. 
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x 117 mm in a four-on-one format. This change requires 
some adjustment for both radiologist and clinician. In or- 
thopedic applications, this may create difficulty in comparison 
with conventional radiographs. A scale is printed on each CR 
image to help alleviate this problem. Many institutions includ- 
ing ours routinely use a two-on-one format with one image 
produced to simulate a conventional radiograph and the other 
with significant edge enhancement. Edge enhancement im- 
proves osseous and trabecular detail and is often preferred 
for musculoskeletal images; however, this produces graini- 
ness in the image, representing increased perception of noise. 
Prokop et al. [16] showed that as edge enhancement in- 
creased, through unsharp masking, observer performance on 
contrast-dependent tasks (cortical defects) deteriorated. This 
is the only study of which we are aware that quantitatively 
evaluates the effects of edge enhancement on musculoskel- 
etal images, and further investigations are needed. Unsharp 
mask overshoot artifact (halo effect) may occur in musculo- 
Skeletal imaging; this is only mild when adjacent to cortical 
bone but can be prominent when associated with a metallic 
orthopedic implant. This artifactual lucency (Fig. 9) parallels 
the margins of the metallic device or cortex and can limit 
assessment of osteolysis near joint prostheses, a sign of 
loosening and/or infection. The halo effect is accentuated with 
edge enhancement and can be eliminated with images pro- 
duced to simulate conventional radiographs more closely. 


Radiation Dose Reduction 


Reduction in radiation dose (reduced exposure and fewer 
repeated examinations) can be achieved with CR for most 
musculoskeletal examinations without apparent loss of diag- 
nostic accuracy. Our experience and that of others suggests 


Fig. 9.—Edge-enhanced com- 
puted radiograph shows unsharp 
mask overshoot artifact—halo ef- 
fect (arrowheads )—around femoral 
component of cemented total hip 
replacement. Computed radiograph 
obtained to simulate conventional 
radiograph (not shown) eliminated 
this artifact. Bone-cement lucency 
about acetabular component (ar- 
rows) from loosening is also pres- 
ent. 





COMPUTED RADIOGRAPHY IN MUSCULOSKELETAL IMAGING oo 


that an exposure reduction of 25-50% is possible compared 
with standard film-screen technique [16, 19]. We performed 
a qualitative direct comparison (Murphey MD et al., ARRS 
meeting, May 1991) of CR and conventional radiographs in a 
variety of normal and abnormal musculoskeletal examinations 
at different percentage exposures compared with conven- 
tional techniques by decreasing milliamperage seconds. Some 
degradation occurred with lower exposure, as evidenced by 
the decrease of phosphor plate images considered superior 
(43% at 100% exposure and 26% at 75% exposure) and 
increase in conventional radiographs graded as equivalent or 
better (3% at 100% exposure and 4% at 75% exposure) than 
their matching phosphor plate image. However, even at a 
50% exposure technique, 93% of CR images were considered 
superior or equivalent to their conventional radiograph coun- 
terparts. As exposure is decreased, the phosphor plate im- 
ages show increased graininess (owing to quantum mottle), 
which ultimately reduces spatial resolution. This noise is 
accentuated by the increased X-ray attenuation in central 
musculoskeletal examinations (spine, pelvis, hips). In these 
areas, Our observer performance study showed a significant 
difference in diagnostic accuracy with CR images at 50% 
exposure compared with conventional radiographs (Murphey 
MD et al., ARRS meeting, May 1991). Imaging of these central 
areas and in patients with large body habitus are more 
appropriately performed by using exposures similar to those 
of conventional radiography. Exposure technique for periph- 
eral extremity radiographs, on the other hand, can be reduced 
by at least 50% without loss of diagnostic quality. The maxi- 
mum radiation dose reduction possible without loss of diag- 
nostic accuracy with CR has not been defined for specific 
examinations. These thresholds will most likely depend on 
the abnormality present and anatomic location of the radio- 
graph and represent a balance between factors of increased 
noise vs required spatial resolution. 


Interactive Workstation 


An interactive workstation is important in the daily operation 
of the CR system and is used to retrieve the original scanned 
digital data [29]. Digital processing allows manipulation of 
contrast, detail, and image noise, which is partially independ- 
ent of the exposure factors. This digital capability allows 
separation of the parameters used to obtain an image from 
those used to display the image. Digital storage and process- 
ing can be used to darken underexposed or lighten overex- 
posed examinations. This allows salvaging of images improp- 
erly obtained from the original digital data, without reexposing 
the patient, further increasing the dose reduction capabilities 
of the CR system. The “zoom” image capability of the work- 
station can be used to examine a small portion of the image 
(Fig. 10). This improves perception of detail, and display 
parameters can be adjusted to best depict images and ab- 
normalities. These features of the interactive workstation are 
particularly useful in musculoskeletal imaging of fine detail 
information such as subperiosteal resorption, nondisplaced 
fractures, subtle erosions, and destructive lesions [29, 30]. 
Soft-tissue abnormalities including neoplasms and foreign 
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bodies also can be enhanced optimally with the workstation, 
even to the degree achieved with xeroradiography. Excessive 
processing, filtering, and zooming increase the perception of 
noise as graininess, with resultant image degradation. Image 
manipulation with the interactive workstation also increases 
the time commitment on the part of radiology personnel. 

The interactive workstation can create multiple hard copies 
from a single exposure, each optimizing an area of interest. 
This allows unlimited film duplication from original digital data, 
immediately available for any area requiring the image, and 
replacement of lost film years after the examination is per- 
formed. In musculoskeletal imaging, rapid extra copies are 
particularly useful for the emergency department and for 
Surgery in traumatized patients, allowing retention of first 
copy for radiologist interpretation. Image archival can be 
performed on optical disk (approximately $400 per disk). Each 
disk can store nearly 1000 examinations and image retrieval 
is rapid. Ideally, CR images could be interpreted from the 
interactive workstation, rather than laser film printing and film 
jacket storage, as currently practiced. If this were possible 
without impairment in the quality and efficiency of interpreta- 
tions, then the resultant savings in film cost as well as 
radiology department time and personnel would go a long 
way toward achieving cost-effectiveness for CR technology. 


Conclusions 


Conversion from conventional film-screen radiography to 
digital technology continues to advance because of its nu- 
merous advantages. These include improved image process- 
ing, storage, retrieval, display, and transmission. The CR 
system that uses photostimulable phosphor imaging plates is 
a new digital technology with improved X-ray detector effi- 
ciency and response. Musculoskeletal radiographic applica- 
tions benefit significantly from these advantages, particularly 
the wide dynamic range and image processing. We have 
attempted to describe and illustrate both advantages (radia- 
tion dose reduction, decreased repeat exposure, improved 
examination of the spine, scoliosis, soft tissues, and portable 
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Fig. 10.—Osteoblastoma spinous 
process of L1. 

A, Lateral lumbar spine computed 
radiograph shows faint lytic lesion (ar- 
rowhead) in 20-year-old woman with 
low back pain. Lesion was not well 
seen on conventional radiograph (not 
shown). 

B, “Zoomed” computed radiograph 
with reverse gray-scale display after 
manipulation on interactive workstation 
optimally shows osteoblastoma (ar- 
row). 


Studies) and limitations (high cost, decreased spatial resolu- 
tion, restricted throughput, increased noise, and change in 
image size and format) of CR in musculoskeletal imaging. 
Observer performance studies have not shown a statistically 
significant difference between CR and conventional technol- 
ogy in musculoskeletal imaging. Exposure reduction of 25- 
50% is possible in musculoskeletal radiography, with CR 
producing images comparable to those of film-screen tech- 
nology, although this depends on the type of examination and 
the specific abnormality. In summary, the 2K x 2K x 10-bit 
CR system with stimulable phosphor plates is an alternative 
to conventional film-screen images in evaluation of the mus- 
culoskeletal system without significant differences in diagnos- 
tic quality. Future research will be directed toward improving 
Spatial resolution with increasingly efficient phosphor material 
and larger matrix systems (4K x 4K) currently being devel- 
oped. Throughput must be increased and equipment cost 
decreased for use of this technology to become more wide- 
spread. 
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Duplex Sonography of the Cerebral Arteries: Efficacy, 


Limitations, and Indications 


William J. Zwiebel’ 


This review considers the capabilities and limitations of duplex 
sonography in the diagnosis of abnormalities of the cerebral 
vasculature. Duplex sonography is an elegant union of B-mode 
and Doppler sonography that provides valuable information about 
atherosclerotic obstruction of the carotid arteries. Duplex sonog- 
raphy also can be used to evaluate, in a general way, the com- 
position of carotid atherosclerotic plaque, and in this respect, it 
is unique among imaging procedures. Duplex sonography is not 
very effective in providing a “global” perspective of the cerebral 
vasculature, because only the cervical portion of the carotid 
arteries can be examined in detail. The best documented and 
most Clearly effective use of duplex sonography is for detecting 
severe obstructive lesions in the carotid artery that might warrant 
endarterectomy in patients with cerebral hemispheric symptoms. 
The role of duplex sonography in the choice between medical 
and surgical therapy in asymptomatic patients with carotid artery 
stenosis is controversial, because the indications for endarter- 
ectomy are unclear in these patients. The capacity of duplex 
sonography to assess plaque composition may ultimately prove 
to be quite valuable for selecting therapeutic options and for 
evaluating the effectiveness of medical therapy. Meanwhile, in- 
formation concerning the clinical value of this use of duplex 
sonography remains limited. 


The prevalences of stroke and of mortality associated with 
Stroke both have declined approximately 50% in the United 
States in the last two to three decades, principally because 
of improved control of hypertension [1]. Despite this statistical 
improvement, stroke remains a formidable health problem, 
with about 400,000 new cases reported annually [2, 3]. Faced 
in an intimate way with the human misery that stroke gener- 
ates, physicians have long sought methods for identifying 
stroke-prone persons, with the hope that timely intervention 
might avert stroke. Duplex sonography has been used in 


efforts to prevent stroke, through surveillance for carotid 
atherosclerosis that might predispose a person to cerebral 
ischemia. This article reviews the capabilities and limitations 
of duplex sonography and summarizes the indications for 
duplex sonography in patients with presumed risk factors for 
stroke. 

Duplex sonography is an elegant union of two techniques: 
two-dimensional B-mode sonography and Doppler sonogra- 
phy (Fig. 1). B-mode imaging is used to detect carotid plaque 
and to assess its location, extent, severity, and appearance. 
Doppler sonography provides blood-flow information that is 
used to measure stenoses and to assess cerebrovascular 
hemodynamics. 

A new generation of duplex sonographic scanners that 
show blood flow in color, directly on the sonogram (Fig. 2), 
was introduced recently. This innovation, called color-duplex 
sonography, facilitates the localization and tracking of vessels 
and the detection of abnormalities in arterial flow. Although 
color-duplex sonography is an impressive technologic inno- 
vation, it is unlikely that diagnostic accuracy for abnormalities 
in the carotid arteries will be improved directly with this 
technique, because accuracy of duplex sonography already 
is excellent. However, diagnostic accuracy may be enhanced 
indirectly because color-duplex sonographic examinations are 
easier and perhaps more foolproof than standard duplex 
sonographic studies. 


Cerebrovascular Duplex Sonography: Capabilities and 
Limitations 


In general terms, the main strengths of duplex sonography 
(standard or color) of the carotid arteries are the patient's 
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comfort, the lack of risk, and the accuracy in detecting carotid 
stenosis. The generic limitations of duplex sonography are 
twofold. First, the technique requires considerable technical 
skill and experience in interpreting the scans. Diagnostic 
accuracy can be expected to vary in relation to skill levels. 
Second, only the cervical portions of the carotid and vertebral 
arteries are accessible to direct examination. 

In order to define better the capabilities and limitations of 
duplex sonography as applied to the cerebral vasculature, it 
is useful to consider the performance of this technique in the 
following areas: the diagnosis of stenosis and occlusion, the 
assessment of the surface and internal characteristics of 
plaque, and the comprehensive assessment of cerebral blood 
flow. 


Diagnosis of Stenosis 


Duplex sonography is used in the cerebral vasculature 
primarily to detect and measure stenoses of the carotid 
arteries. Arterial stenosis is diagnosed principally through the 
measurement of flow velocity in the narrowed portion of the 
carotid lumen (Fig. 3). The increase in velocity is proportional 
to the severity of obstruction. A number of studies [4-9] have 
shown a high level of accuracy for duplex sonographic meas- 
urement of carotid stenosis (Table 1), and there is little doubt 
about the effectiveness of duplex sonography for this pur- 
pose. 


Diagnosis of Occlusion 


Duplex sonographic detection of carotid occlusion (Fig. 4) 
is based on the following findings: absence of arterial pulsa- 
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Fig. 1.—Duplex sonogram of internal carotid artery. 
Crossed lines on B-mode image (top) indicate position 
of Doppler sample volume. Flow information derived 
from sample volume is illustrated in frequency spectral 
display (bottom), with flow velocity (cm/sec) shown 
on vertical axis and time on horizontal axis. 


Fig. 2.—Color-duplex sonogram of carotid steno- 
sis. In this 82-year-old man with transient ischemic 
attacks in left hemisphere, lumen of left internal ca- 
rotid artery is visibly narrowed (top). Elevated flow 
velocity is indicated by white region in arterial lumen 
at site of cursor. Disturbed (nonlaminar) flow in post- 
stenotic zone is indicated by mixture of red and blue 
colors at left side of image. Frequency spectrum (bot- 
tom) provides quantitative flow data derived from Dop- 
pler sample volume (crossed green lines). 
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Fig. 3.—Graph shows relationship between blood flow velocity and 
degree of stenosis. Both peak systolic velocity (triangles) and peak end 
diastolic velocity (rectangles) increase in stenoses that exceed 50% re- 
duction of luminal diameter. These and other velocity parameters are used 
to measure severity of stenotic lesions. (Reprinted with permission from 
Bluth et al. [4].) 


tions, occlusion of the lumen by echogenic material, absence 
of Doppler flow signals, and subnormal vessel size (chronic 
occlusion). Although duplex sonography is accurate for de- 
tection of occlusion, it is well recognized that a tiny residual 
lumen carrying a “trickle” of flow may be overlooked, giving a 
false-positive impression of occlusion. It had been hoped that 
color-duplex sonographic imaging would eliminate this source 
of error because color instruments can detect very low flow 
rates. However, early results with color-duplex sonography 
have not supported this hope [10, 11]. 
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TABLE 1: Efficacy of Duplex Sonography for Detection of Obstructive Lesions in the Carotid 














Artery 
e SSS SSS SS a a H HHH HMHO 
Reference 
Finding Clark Zwiebel Bendick Cardullo l Wetzner 
and Halten et al. et al. et al. et al. 
[S5] [6] [7] [8] [9] 
No. of vessels 152 393 190 246 53 
Stenosis (%) >50 >50 >70 >50 >60 
Sensitivity (%) 94 94 91 91 94 
Specificity (%) 90 99 97 85 89 
PPV (%) 95 94 89 82 94 
NPV (%) 89 89 97 92 89 





Note.—Stenosis is given as the percentage reduction of the arterial diameter. PPV = positive predictive value, NPV 


= negative predictive value. 





Fig. 4.—Color-duplex sonogram of carotid oc- 
clusion in 60-year-old woman with completed 
right cerebral hemispheric stroke shows ab- 
sence of flow (arrows) in right internal carotid 
artery. Small blue area is a region of flow rever- 
sal resulting from to-and-fro circulation in stump 
of occluded vessel. 


Assessment of the Surface Characteristics of Plaque 


Research studies have shown that embolic occlusion of 
intracranial arteries is the primary cause of stroke and tran- 
sient cerebral ischemia. The surface characteristics of plaque 
are of considerable interest, therefore, because denuded 
surfaces and ulcers are thought to be common sources of 
emboli. Unfortunately, the ability of duplex sonography to 
detect surface features is questionable. Only one histologi- 
cally based series of meaningful size [12] showed good 
results for duplex sonographic detection of ulcers (100% 
sensitivity and 100% specificity). Other histologically verified 
studies [13-18] have shown either no correlation or poor 
results for detection of ulcers (39-67% sensitivity and 31- 
84% specificity). Unless image resolution is improved sub- 
Stantially, it is doubtful that duplex sonography will be useful 
for the assessment of the gross surface characteristics of 
plaque. Furthermore, it is unlikely that duplex sonography will 
be able to show whether or not the intimal lining is intact 
because this layer is not visible, per se, on duplex sonographic 
images. Although color-duplex sonography can show flow in 


Fig. 5.—Sonograms of diffuse and focal plaque inhomogeneity. 

A, Transverse sonogram of left carotid artery in 54-year-old, diabetic man shows diffuse inhomo- 
geneity. Note that plaque, which occupies approximately two thirds of lumen, generates a variety of 
echo intensities. This lack of homogeneity suggests intraplaque hemorrhage. 

B, Sonogram of left common carotid artery in 68-year-old man with transient ischemia in right 
cerebral hemisphere shows focal inhomogeneity. Discrete, rounded area of reduced echogenicity 
(arrow) is suggestive of a focal intraplaque hemorrhage. 


large ulcer craters, resolution of plaque surface features is 
not better than with standard duplex sonographic devices. It 
is unlikely, therefore, that the ability to detect plaque ulcera- 
tion will be better with color-duplex sonography than with 
standard duplex sonography. 


Assessment of the Internal Characteristics of Plaque 


Sonography is unique among vascular imaging procedures 
because it can be used to assess the internal characteristics 
of plaque. This capability has generated speculation that 
plaque characteristics detected with sonography may help 
identify stroke-prone persons and may influence therapeutic 
choices in patients with plaque in the carotid artery [10-14. 
18, 19-35]. The sonographic feature that has received the 
greatest attention is inhomogeneity of plaque echoes (Fig. 5), 
which has been associated with intraplaque hemorrhage. 
Sonographic detection of intraplaque hemorrhage is thought 
to be important because such hemorrhages have been related 
to intimal inflammation, intimal disruption, frank ulceration, or 
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rapid enlargement of plaques. Intraplaque hemorrhage also 
has been correlated with an increased prevalence of signs 
and symptoms of hemispheric ischemia. 

The reported results for sonographic detection of intra- 
plaque hemorrhage (histologic correlation) are as follows: 
sensitivity from 72% to 94%, specificity from 79% to 88%, 
and overall accuracy from 75% to 90% [12, 24-26]. Two 
additional studies found no correlation, casting considerable 
doubt on the ability of sonography to provide meaningful 
information about plaque composition [18, 27]. The wide 
range of diagnostic accuracy reflected in these studies may 
be due to differences in the image quality of the instruments 
used. This range of accuracy makes it difficult to know how 
good sonography really is for detecting intraplaque hemor- 
rhage. 

Sonography also can be used to evaluate, in a general way, 
the lipid content of plaque [18, 23, 28]. Correlation with plaque 
histology has shown that hypoechogenic plaque (Fig. 6A) 
contains considerably more lipid than moderately echogenic 
plaque (Fig. 6B), which contains a large amount of collagen. 

The observation that certain features of plaque appear to 
be associated with cerebral ischemic symptoms has led to 
speculation that sonographic characterization of plaque may 
be important in selecting therapeutic regimens, both for symp- 
tomatic and asymptomatic patients. Proposed uses of plaque 
characterization fall along two lines: the selection of medical 
therapy to induce plaque stabilization or regression and the 
selection of patients for endarterectomy. 

Although the potential value of sonographic characteriza- 
tion of plaque is great, caution is advised in the use of plaque 
inhomogeneity (hemorrhage) as a factor in choosing between 
medical and surgical therapy. First, some doubt exists, as 
indicated earlier, concerning the ability of sonography to de- 
pict plaque composition. Second, in well-recognized studies 
of intraplaque hemorrhage [13, 15, 29], 78-100% of asymp- 
tomatic subjects and subjects with nonlocalized neurologic 
symptoms were found to harbor old intraplaque hemorrhages. 
The existence of these apparently asymptomatic hemor- 
rhages suggests that some plaque hemorrhages are impor- 
tant clinically, whereas others are not. How do we decide, 
then, which hemorrhages are important when we choose 
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therapeutic options? Stated differently, it appears that the 
risk implied by a recent intraplaque hemorrhage (inhomoge- 
neous plaque) has not been clearly defined. Three longitudinal 
studies [32-34] suggest that the risk of infarction or of 
ischemic signs and symptoms is increased in persons with 
inhomogeneous plaque, but these are relatively small and 
potentially biased series (patients were referred for assess- 
ment of vascular disease). In the author's opinion, the signif- 
icance of inhomogeneous plaque will not be known until a 
large study is conducted that is free of potential selection 
bias. 


Global Assessment of Cerebral Blood Flow 


The global assessment of cerebral blood flow requires 
comprehensive evaluation of both the carotid and the verte- 
brobasilar systems. Unfortunately, significant limitations apply 
to duplex sonographic assessment in both areas. Examina- 
tion of the carotid system is restricted primarily to the cervical 
area. Obstructions of the carotid arteries proximal or distal to 
the neck may be detected with duplex sonography on the 
basis of hemodynamic abnormalities that are apparent in the 
cervical area, but such findings occur only with severe occlu- 
sive lesions. In the vertebrobasilar system, the primary limi- 
tation of duplex sonography is its inability to show reliably the 
origin of the vertebral artery. Visualization rates are 50-63% 
for the left vertebral artery and 60-87% for the right vertebral 
artery [36-38]. This inability is a significant problem, because 
most vertebrobasilar occlusive lesions occur at the origin of 
the vertebral artery. Normal side-to-side differences in the 
diameter and flow characteristics of the vertebral arteries also 
complicate vertebral diagnosis; furthermore, the intracranial 
portion of the vertebral arteries and the entirety of the basilar 
artery cannot be evaluated directly. 

Because of these shortcomings, duplex sonography pro- 
vides limited information on both the distribution of atherom- 
atous disease in the cerebral vasculature and the potential 
for collateralization in response to obstructive lesions. The 
use of the transcranial Doppler technique in conjunction with 
duplex sonography may permit more comprehensive assess- 
ment of the cerebral circulation. This nonimaging Doppler 


Fig. 6.—Examples of low- and medium-ech- 
ogenicity plaque. 

A, Sonogram of common carotid artery in 45- 
year-old diabetic man. Plaque generates rela- 
tively low-level echoes, suggesting that it has a 
high fat content. 

B, Sonogram of 73-year-old stroke patient 
with medium-echogenicity plaque. This level of 
echogenicity suggests a high collagen content. 
Note irregular plaque surface, suggestive of ul- 
ceration, but ulceration cannot be diagnosed 
conclusively with sonography. 
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technique is not widely available, however, and is subject to 
technical difficulties, particularly in the vertebrobasilar system 
[39, 40]. 


Clinical Indications for Duplex Sonography of the Carotid 
Arteries 


Symptomatic Carotid Stenosis 


The importance of carotid stenosis in the pathogenesis of 
Stroke remained obscure until the middle of this century, 
when autopsy studies established a relationship between 
ischemic infarction in the cerebral hemispheres and occlusion 
of the cervical carotid arteries [5, 6, 41, 42]. This association 
received additional attention after angiography was developed 
[43]. On the basis of autopsy and angiographic findings, it 
was postulated that flow-reducing stenosis or occlusion of 
the cervical carotid arteries was the predominant cause of 
cerebral hemispheric stroke. Subsequent investigation has 
shown that this concept is incorrect; high-grade carotid ste- 
nosis and occlusion are, in fact, uncommon both in cerebral 
hemispheric stroke and in transient ischemic attack (TIA) [44- 
49]. On the basis of these data, the primary cause of cerebral 
hemispheric stroke and TIA is postulated to be embolization, 
either from arterial sources or from the heart [50-55]. 

The fact that severe carotid stenosis is uncommon in 
patients with cerebral hemispheric stroke does not imply that 
stenosis, per se, is unimportant as a risk factor for stroke 
[56-59]. 

A number of studies [60-66] have confirmed the existence 
of a significant risk of stroke in symptomatic patients who 
have severe carotid stenosis (generally regarded as a reduc- 
tion in diameter of >70%). The stroke risk associated with 
severe stenosis has been found to range from 5% to 44% 
during a 2- to 3-year period [60-66] and is sufficiently great 
to warrant endarterectomy in symptomatic patients. The value 
of endarterectomy for preventing stroke in symptomatic pa- 
tients with severe carotid stenosis has been verified further 
by the stopping of two randomized studies that compared 
endarterectomy with medical therapy (Barnette HJM, formal 
announcement made at the International Conference on 
Stroke and Cerebral Circulation, February 1991). Both studies 
were stopped because the protection from stroke provided 
by endarterectomy clearly was superior to that provided by 
medical therapy. 

The search for severe carotid stenosis in patients with 
cerebral hemispheric symptoms currently is the primary use 
of carotid duplex sonography. This practice is deemed rea- 
sonable on the basis of the risk of stroke that severe stenosis 
implies and the documented therapeutic benefit of carotid 
endarterectomy. If a severe carotid stenosis is detected ipsi- 
lateral to hemispheric ischemic symptoms, then endarterec- 
tomy is considered. If a major stenosis is not present, then 
the patient usually is treated conservatively with medical 
therapy. 

The use of duplex sonography to search for severe carotid 
stenosis in asymptomatic patients is less clearly justified, as 
the indications for carotid endarterectomy are unclear in this 
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population of patients. This matter is considered further in the 
following discussions. 


Stroke 


The recurrence rate of stroke is high (approximately 20- 
50% in 5 years), and the estimated survival rate is 40% after 
a second stroke [67]. On the basis of such statistics, stroke 
appears to be a significant risk factor for a subsequent, and 
possibly fatal, stroke. Hence, cerebral hemispheric stroke, 
particularly with good recovery, is a reasonable justification 
for cerebrovascular assessment, including duplex sonogra- 
phy. The detection of a major obstructive lesion in the carotid 
artery ipsilateral to a hemispheric infarct strongly suggests 
that the infarct was caused by cerebrovascular disease. End- 
arterectomy may be warranted for such lesions, for the rea- 
sons stated in the preceding section. 


Transient Ischemic Attacks 


Transient cerebral ischemia and other embolic phenomena, 
such as amaurosis fugax, are regarded as significant risk 
factors for stroke. Estimates of the level of risk vary widely 
(2-50% in 2-20 years), but it appears that a 36% incidence 
of infarction may be expected within 5 years of the onset of 
ischemic symptoms [68-70]. This number is considerably 
greater than the expected infarction rate of about 1% per 
year in elderly asymptomatic persons [68, 71]. Endarterec- 
tomy for carotid stenosis generally is restricted to TIA patients 
with high-grade obstructive lesions (>70% reduction in di- 
ameter), because therapeutic benefit has been documented 
in these patients [67]. Endarterectomy also may be consid- 
ered in patients who have less-severe stenosis but with 
recurrent or progressive TIAs despite medical therapy [65, 
66]. 

The risk imposed by TIA clearly is a justification for duplex 
sonographic examination of the carotid arteries. The role of 
duplex sonography in this situation is threefold: to help estab- 
lish whether the TIA symptoms are related to carotid artery 
disease; to detect high-grade stenoses that may warrant 
surgical therapy; and to evaluate, within limitations, the overall 
severity and distribution of atherosclerosis in the cerebral 
vasculature. 

Duplex sonographic assessment of the surface or internal 
characteristics of plaque has been recommended as a means 
of choosing between medical and surgical therapy in TIA 
patients [13, 15]. This practice does not seem clearly justified 
at the present time, because of the concerns cited previously 
about the accuracy of duplex sonographic examination and 
the clinical significance of duplex sonographic findings. 


Cervical Bruit 


Cervical bruits are detected in 3.5-7.0% of patients 65-79 
years old, and the prevalence of bruits increases in relation 
to age, diabetes, and hypertension [72, 73]. Clinical studies 
with duplex sonography and angiography have revealed a 
substantially greater prevalence of carotid stenosis of more 
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than 50% diameter reduction in patients with asymptomatic 
bruits (87-47%) than in the general population (4%) [74-77]. 
Furthermore, in all studies of patients with asymptomatic 
bruits, the death rate from heart disease substantially exceeds 
that expected for persons that age [60, 61, 63, 72]. Thus, in 
a general way, a cervical bruit is a significant risk marker for 
cardiovascular disease, and more specifically for carotid ath- 
erosclerosis [78]. It is not clear, however, that a cervical bruit 
is a specific risk factor for stroke. The average stroke rate in 
patients with asymptomatic bruit is 1.0-4.5% per year. In 
some studies [72, 79], this rate has substantially exceeded 
the expected stroke rate in the general population, but an 
increased risk for stroke has not been observed in all reported 
studies [60, 61, 63, 80]. Even when the cervical bruit is 
generated by a high-grade stenosis, the risk of stroke seems 
to be low as long as the patient remains asymptomatic. It 
appears that only 1-2% of strokes occur without preceding 
signs and symptoms of TIA; therefore, it is argued that 
surgery should be deferred until the risk of impending stroke 
is announced by a TIA [60, 63, 80, 81]. This assertion, 
however, is contradicted by reports of stroke rates of 14- 
100% in patients who did not have a previous TIA [66, 
82, 83]. 

The role of duplex sonography in patients with cervical bruit 
is unclear. It can be argued that duplex sonography is indi- 
cated because a bruit is a recognized marker for cerebrovas- 
cular disease and may be a sign of high-grade carotid steno- 
sis. In this scenario, duplex sonography might be used to 
establish the severity and extent of cerebrovascular disease 
and to monitor its progression or regression over time. This 
use of duplex sonography might be particularly valuable in 
monitoring the effects of therapeutic efforts to correct hyper- 
cholesterolemia or other disorders of blood lipids. The use of 
duplex sonography to identify potential surgical candidates 
among patients with cervical bruit is not warranted, however, 
as the indications for endarterectomy in asymptomatic per- 
sons are unclear. In the event that carotid endarterectomy is 
shown to be effective in asymptomatic patients, the use of 
duplex sonography for surgical selection may be expanded. 

The role of endarterectomy in asymptomatic persons is the 
subject of several large, randomized studies currently under 
way. It is hoped that the results of these studies will clarify 
the issue of surgical treatment of asymptomatic carotid artery 
disease, just as similar studies have clarified the surgical 
indications for symptomatic patients. 


Plaque Progression 


Carotid atherosclerosis progresses in about 30-60% of 
untreated patients in 2-5 years, and it remains stable in about 
40-60% [71, 84-86]. Regression has been observed in up to 
19% of untreated patients [80]. It has been observed that 
rapid progression of carotid bifurcation plaque may herald a 
significant risk of stroke [60, 80, 86]. This observation, al- 
though not substantiated in large controlled series, suggests 
that the follow-up of the progression of carotid plaque may 
be more important than previously appreciated. Furthermore, 
follow-up of plaque may be valuable for monitoring patients 
with hypercholesterolemia and other disorders of blood lipids. 
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Despite these potential applications, the assessment of 
plaque progression is a controversial indication for duplex 
sonography. It seems most reasonable to use duplex sonog- 
raphy in patients with symptomatic carotid atherosclerosis 
managed with medical therapy. Such patients might benefit 
from duplex examination in two ways: from the objective 
monitoring of the effectiveness of medical therapy and from 
surveillance for the development of high-grade stenoses that 
would warrant endarterectomy. Similar arguments about the 
value of duplex sonography also might be put forward for 
asymptomatic patients; however, the indications are less clear 
in this population for reasons considered previously. 


Major Surgical Procedures 


The risk of stroke in relation to major surgical procedures, 
such as coronary artery bypass or aortic aneurysm repair, 
appears to be nominal [81, 87-89]. Nonetheless, some sur- 
geons continue to use duplex sonography to evaluate the 
carotid arteries before major surgical procedures, especially 
in patients with carotid bruits. This approach is justified with 
the assumption that if surgery is indicated for high-grade 
stenosis, then it might as well be done before or in conjunction 
with the anticipated major surgical procedure. This reasoning 
presumes, of course, that endarterectomy is warranted in 
asymptomatic patients, because most patients examined pre- 
operatively do not have cerebrovascular symptoms. 

The use of duplex sonography for preoperative assessment 
of the carotid arteries in asymptomatic persons is controver- 
sial. Surgical intervention does not appear warranted solely 
on the basis of perioperative stroke risk [88, 89], and it can 
be argued, therefore, that duplex sonography also is not 
warranted for preoperative surveillance. 


Cerebral Hemispheric vs Vertebrobasilar Ischemia 


The primary cerebrovascular application of duplex sonog- 
raphy is assessment of cerebral hemispheric ischemic symp- 
toms. Technical limitations previously described restrict the 
use of duplex sonography for assessment of vertebrobasilar 
ischemia. Ultimately, the combination of duplex sonography 
and transcranial Doppler sonography [39, 40] may be valuable 
for vertebrobasilar examination, but arteriography is the only 
imaging procedure currently recommended for comprehen- 
sive assessment of patients with vertebrobasilar disease. 


Conclusions 


Duplex sonography is a valuable and widely available tool 
for assessing the carotid arteries. The main strength of duplex 
sonography is its accuracy in detecting and measuring carotid 
artery stenoses. Accordingly, the best-documented clinical 
indication for carotid duplex sonography is the detection of 
high-grade stenosis in patients with TIA or stroke with good 
recovery. Although duplex sonography is widely used in 
asymptomatic patients for the assessment of carotid plaque 
and stenosis, its use in asymptomatic persons remains con- 
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troversial, because carotid endarterectomy is a controversial 
procedure in this population. Duplex sonography has potential 
value for the assessment of plaque composition and for 
monitoring the regression or progression of plaque over time. 
On the basis of these capabilities, excellent arguments can 
be made for the examination of asymptomatic persons. The 
usefulness of such examinations, however, is subject to 
question at present. Two circumstances might expand the 
recognized applications of duplex sonography in the carotid 
arteries: verification of the value of prophylactic endarterec- 
tomy in asymptomatic patients with carotid stenosis and 
documentation that sonographic information is useful for 
choosing medical therapy and monitoring its effects. 
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The Future of Carotid Sonography 


Christopher R. B. Merritt’ and Edward |. Bluth 


The efficacy of duplex sonography in the assessment of 
carotid disease predisposing to stroke is determined by its 
ability to display pathologic changes most relevant to the 
mechanisms of stroke. Relatively little controversy exists 
regarding the efficacy of sonography in showing hemody- 
namically significant stenosis of the internal carotid artery. In 
fact, sonography may now be regarded as at least equal to 
angiography in overall performance in defining hemody- 
namically significant stenosis at the carotid bifurcation. As the 
presence of hemodynamically significant lesions is associated 
with sufficient risk for stroke to warrant endarterectomy in 
symptomatic patients, the use of sonography to screen symp- 
tomatic patients in order to identify hemodynamically signifi- 
cant stenosis may directly affect treatment decisions. For this 
application alone, the future of sonography as the initial 
diagnostic examination for symptomatic patients is assured. 
The future role of sonography in the management of arterio- 
sclerotic carotid disease is, however, likely to far exceed the 
current role cautiously described by Zwiebel in the preceding 
article [1]. 

Although severe stenosis is an important risk factor for 
stroke, many patients with transient ischemic attacks have 
less than 50% stenosis on angiography. In these patients, as 
well as those with high-grade (>70%) narrowing, it is now 
recognized that stenosis is not the primary factor implicated 
in stroke. As Zwiebel [1] has indicated, it is embolism rather 
than the presence of flow-restricting stenosis that is the 
primary cause of transient ischemic attacks and hemispheric 
Stroke. The production of embolic symptoms has been attrib- 
uted to the disruption of the plaque surface with formation of 
platelet aggregates, thrombosis, and spillage of plaque debris 


into the lumen of the vessel. Thus, the real challenge in the 
diagnostic assessment of the extracranial carotid system is 
the early identification of changes that may progress to em- 
bolism. Effective identification of high-risk changes in asymp- 
tomatic patients may ultimately lead to prophylactic endarter- 
ectomy, preventing stroke in persons at risk. Also, when and 
if effective medical treatment for atheromatous disease is 
developed, a sensitive and accurate method for the early 
detection and characterization of atheromatous changes in 
the cerebral circulation will be necessary for the selection and 
monitoring of patients receiving treatment. It is in these appli- 
cations that the future of carotid sonography is full of promise. 

One of the unique capabilities of sonography is its useful- 
ness for evaluating the vessel wall and atheromatous plaque 
as well as flow. Plaque morphology is increasingly being 
recognized as an important determinant of risk for symptoms 
of stroke. A large body of evidence now indicates that plaque 
hemorrhage plays an important role in the pathophysiology of 
carotid disease, with an important relationship to embolism 
and acute thrombosis [2-9]. Numerous studies have shown 
an association between the pathologic finding of intraplaque 
hemorrhage and symptoms in patients undergoing carotid 
endarterectomy. These studies show intraplaque hemorrhage 
to be from 1.6 to 6.7 times more common in symptomatic 
than asymptomatic patients. This has led to the growing 
recognition that the character of the plaque may be more 
important in the etiology of cerebrovascular symptoms than 
the degree of vessel narrowing or the presence of ulceration. 

Currently, sonography is the only diagnostic method able 
to provide accurate data on plaque morphology and intra- 
plaque hemorrhage [6, 10-16]. Reilly et al. [10] found that 
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homogeneous plaque had uniformly high- or medium-level 
echoes and correlated histologically with fibrous lesions while 
heterogeneous plaques contained intraplaque hemorrhage or 
deposits of lipid, cholesterol, loose stroma, and proteinaceous 
material. Heterogeneous lesions accounted for 91% of plaque 
hemorrhages, and in 82% of specimens, the presence or 
absence of plaque hemorrhage was correctly identified sono- 
graphically. O’Donnell et al. [14] correlated findings on high- 
resolution sonography with pathologic specimens from 79 
carotid endarterectomies in a blinded study in which sonog- 
raphy was found to be highly sensitive in showing plaque 
hemorrhage (93%), as well as being quite specific (84%). 
Studies in our institution have been reported by Bluth et al. 
[6] and show that the accuracy of sonography in detecting 
intraplaque hemorrhage is 90%, with sensitivity of 94% and 
specificity of 88%. Other reports that show a significant 
association between heterogeneous plaque and pathologic 
findings of intraplaque hemorrhage include those of Weinber- 
ger et al. [11], Gray-Weale et al. [12], Spagnoli et al. [13], 
and Hennerici et al. [17]. 

The processes leading to intraplaque hemorrhage are not 
fully understood, including the critical question of whether it 
is a primary or secondary event. The most widely held view 
is that intraplaque hemorrhage results from bleeding from the 
vasa vasorum [18]. This mechanism implicates bleeding into 
the plaque as the primary event leading to increase in size of 
the plaque, rupture of the cap of the plaque, and spillage of 
debris into the lumen of the vessel. A different and more 
plausible mechanism for intraplaque hemorrhage has been 
proposed by Leen et al. [19]. These investigators studied 
plaques from symptomatic and asymptomatic patients and 
noted that the small vessels they found in plaques were 
usually not muscularized. This suggests that these are low- 
pressure vessels and thus are unlikely to cause expansion of 
a plaque if rupture occurs. Leen and his colleagues propose 
that plaque enlargement is by a mechanism of deposition of 
cholesterol in intima and media leading to atheronecrosis. 
With development of atheronecrosis and in the presence of 
hypertension, shear stress at the endothelial surface leads to 
fissure formation, allowing luminal blood to dissect into the 
plaque. The resulting admixture of blood and amorphous 
cholesterol substance may result in emboli. Later the rupture 
of the roof may heal and lead to the formation of a fibrous 
cap, giving the impression of an enclosed hemorrhage. A 
similar hypothesis has been independently proposed by 
Fischer et al. [7]. Sonography, with its usefulness in monitor- 
ing the natural history of plaque in vivo, may prove to be 
important in answering currently unresolved issues regarding 
the mechanism of the progression of atheromatous plaques. 
If this sequence of events proposed by Leen et al. [19] and 
Fischer et al. [7] is correct, then sonography may be useful 
in identifying the changes of atheronecrosis before embolism 
occurs. In addition, sonography may well provide the clues to 
the changes in wall motion most likely to lead to plaque 
fissuring and rupture. 

The association of cerebrovascular symptoms with high- 
grade stenosis has been documented. Evidence also exists 
of an association of hemorrhagic plaque with stenosis based 
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on longitudinal studies [20]. Patients with greater than 75% 
stenosis and hemorrhagic plaque types appear to have sig- 
nificantly greater risk of symptoms developing as plaque 
becomes more heterogeneous. For asymptomatic patients 
with heterogeneous plaques, Matalanis and Lusby [20] have 
suggested an aggressive approach with surgical treatment of 
unstable plaques before they become symptomatic. Clearly, 
further studies are needed to confirm the efficacy of this 
approach. If similar results are obtained in controlled prospec- 
tive studies, the implications of sonography for case manage- 
ment will be profound. 

Many studies have confirmed the ability of sonography to 
show some of the important pathologic features of athero- 
matous plaque. Sonography is currently the only method of 
proved value in imaging plaque characteristics in vivo that 
may be used in follow-up and prospective studies. It is this 
feature that holds the greatest promise for the role of carotid 
sonography in the future. For future success to be achieved, 
however, two major problems need to be addressed. The first 
problem arises from the lack of agreement on a standardized 
system for classifying the sonographic and pathologic char- 
acteristics of atheromatous plaques. A standardized ap- 
proach is essential if the information available through sono- 
graphic characterization of plaque is to attain widespread 
clinical use. Second, there is need for agreement among the 
sonographic and vascular community for common definitions 
and methods to allow the development of meaningful multi- 
center studies. In many studies, the instrumentation used to 
image plaque is inadequately described, and data on the 
number of inadequate examinations are provided by only a 
few authors. Most published reports lack precise definition of 
the gross and microscopic pathologic criteria used in the 
diagnosis of intraplaque hemorrhage, its age, and extent. 
Because of the lack of standardization, a unified interpretation 
of published data related to plaque characterization is difficult. 
The future success of sonography in plaque characterization 
requires the development of a standardized approach to the 
sonographic examination and to the interpretation and de- 
scription of sonographic features of plaque. 

The detection of subtle plaque features associated with 
increased risk for embolic events requires excellent image 
quality with high spatial and contrast resolution. Optimal 
plaque imaging requires transducer frequencies of 7.5 MHz 
or higher, sufficient acoustical power to permit good signal- 
to-noise characteristics at depths of up to 3-4 cm, and narrow 
beam widths in both dimensions perpendicular to the beam. 
It seems likely that poor results in plaque characterization 
reported by some groups are due in large part to inadequate 
imaging capabilities. Compared with older, single-element, 
highly focused transducers, modern duplex instruments that 
use large-aperture phased arrays generally do not provide 
imaging characteristics well suited for the characterization of 
plaque. Fortunately, new instruments are beginning to provide 
significant improvements in image quality, leading to pros- 
pects for more uniform success and consistency of results in 
plaque characterization. Instrumentation is not the only factor 
influencing the success of plaque characterization. Accurate 
characterization of plaque is as demanding as measurement 
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of Doppler changes, if not more so. Care and skill in exami- 
nation technique are essential, and adequate time must be 
allocated to the examination of plaque if good results are to 
be achieved. 

In addition to standardizing imaging equipment and tech- 
niques, developing a standardized scheme for describing 
sonographic findings is extremely important. Such a scheme 
should use precise and universally accepted terms to describe 
the sonographic properties of the lesion being evaluated. The 
Classification of plaque characteristics used by Gray-Weale et 
al. [12] is a suitable example that might form the basis of a 
Standardized method for describing and classifying sono- 
graphic findings. In this scheme, there are four descriptions 
of plaque morphology: type 1, dominantly echolucent plaque, 
with a thin echogenic cap; type 2, substantially echolucent 
lesions with small areas of echogenicity; type 3, dominantly 
echogenic lesions with small area(s) of echolucency (<25%); 
and type 4, uniformly echogenic lesions. Pathologic correla- 
tion of plaques evaluated according to this scheme reveals 
types 1 and 2 to be associated with the presence of either 
intraplaque hemorrhage or ulceration whereas type 3 and 4 
plaques are found to be composed largely of fibrous tissue 
[12]. In this scheme, types 1 and 2 generally correspond to 
plaques described as heterogeneous by other investigators, 
and types 3 and 4 correspond to homogeneous plaque mor- 
phology. With minor modification, this classification scheme 
could be adapted as the basis of a standardized reporting 
scheme. 

Stroke is a major public health concern, and the use of 
sonography to identify patients at increased risk for stroke 
has great appeal because of the noninvasive nature of the 
examination, its relatively low cost, and the unique ability of 
sonography to provide both morphologic and hemodynamic 
information. It is increasingly clear that the character of the 
plaque plays a major role in determining risk of stroke. Cur- 
rently, the main role of sonography is in the detection of 
Stenosis, with only secondary emphasis on plaque character- 
ization. Problems impeding greater acceptance and use of 
sonography for plaque characterization include the lack of 
Standardization of instrumentation and descriptive criteria 
for plaque. The mechanism of plaque degeneration and 
intraplaque hemorrhage and the relationship to sonographic 
findings also deserve additional attention. Finally, data from 
prospective multicenter studies using standardized imaging 
techniques and reporting schemes are required to increase 
understanding of the relationship of plaque changes and 
Stenosis to cerebrovascular events. As these problems are 
addressed, we are likely to see a change in emphasis from 
identification of stenosis to the use of sonography to define 
the nature of the underlying atheromatous plaque. The pros- 
pects for the future of carotid sonography are bright, offering 
the likelihood of a major role for sonography in determining 
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which asymptomatic patients are at increased risk, in select- 
ing asymptomatic patients for endarterectomy, in monitoring 
progression of disease, and in determining response to med- 
ical management as new treatment regimens evolve. 
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Comprehensive Textbook of Oncology, 2nd ed., vols. 1 and 2. Edited by A. R. Moossa, Stephen C. Schimpff, 
and Martin C. Robson. Baltimore: Williams & Wilkins, 1918 pp., 1991. $175 


This hardcover book represents the efforts of 239 authors who 
have created a truly comprehensive, updated overview of oncology. 
As stated in the preface, the rapid pace of fruitful and exciting 
research activities in cancer diagnosis and therapy has led the editors 
to produce the second edition 8 years after the first one. Seventy- 
three chapters have been added to deal with the basic scientific, 
medical, and social information needed in oncology. This text is timely, 
important, and useful to anyone concerned about the increasing 
number of cancer patients. Cancer is still second only to heart disease 
as a cause of death and is the most important health problem 
economically in the United States. 

This edition has the same basic format as the first edition and is 
organized into 183 chapters in six parts. Part | starts with 21 chapters 
in six sections (normal and cancer cell biology, etiology of neoplasia, 
molecular biology of cancer, genetics, tumor immunology, and molec- 
ular biology of tumor progression) on the basic biology of cancer. 
These chapters are entirely new and will stimulate readers to think 
about the biologic behavior of tumors. This part should be helpful for 
those who are not immersed in day-to-day research in cancer. 

Part II deals with cancer evaluation; it has 21 chapters in four 
sections (epidemiology, prevention, and screening; patient evaluation 
and staging; techniques of pathologic evaluation; and diagnostic 
imaging in cancer diagnosis). Each of these chapters is basically new. 
However, the rectilinear images and the lack of discussions on the 
new imaging techniques such as single-photon emission CT, positron 
emission tomography, and immunoscintigraphy in the chapter on 
nuclear medicine are somewhat disappointing. 

Part Ill discusses major approaches to cancer therapy; it has 31 
chapters in five sections (kinetics and trials design; principles of 
surgical therapy; radiation therapy; chemotherapy; and other ap- 
proaches, including hormones, antibodies, biologic modifiers, marrow 


transplantation, hyperthermia, and photodynamic therapy). The chap- 
ter on molecular diagnosis and therapy of neoplastic disease is 
particularly interesting and a good guide to new gene therapy. 

Part IV, the largest one, deals with specific neoplasms. It has 84 
chapters in 14 sections arranged by organ systems. Chapters in 
separate sections are devoted to childhood cancer and AIDS. These 
chapters either have been extensively revised or are entirely new. 
They give a thorough yet concise description of the epidemiology, 
pathophysiology, diagnostic and therapeutic approaches, prevention, 
and future directions. 

Part V discusses the complications of cancer and its treatment. Its 
21 chapters provide specific guidelines for the management of cancer 
patients. The five chapters of part VI deals with the ethical and 
socioeconomic issues of cancer care and completes a broad philos- 
ophy of comprehensiveness of the text. 

This book is well written and informative. It effectively accomplishes 
its purpose with 710 clear figures and 530 tables; all are easy to 
follow. Updated references and selected readings are provided in 
each chapter. The three appendixes are rapid, practical references 
for cancer staging, chemotherapeutic regimens, and oncologic emer- 
gencies. The index is properly arranged. 

Overall, this is a wonderful book that should appeal both to 
practicing clinicians and to students of oncology. | think it is an 
excellent overview of oncology, and | highly recommend it to radiol- 
ogists and radiology residents who deal with cancer patients. This 
text would be a nice addition to the medical or radiology library. 
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Sclerotherapy of Malignant Pleural 
Effusion Through Sonographically 
Placed Small-Bore Catheters 





Pleural sclerosis after drainage with a small-bore catheter was performed in 21 
patients with malignant pleural effusions. Intrapleural catheters 7- to 24-French in size 
were placed by using sonographic guidance. Tetracycline (18 patients) and bleomycin 
(four patients) were used as sclerosing agents (one patient had both). Clinical and 
radiologic follow-up was available on all patients until they died (range, 2 weeks to 25 
months; mean, 3.6 months). Pleural sclerosis was successful in 15 (71%) of 21 patients. 
Two patients in whom pleurodesis failed had pleural sclerosis repeated, with one 
success and one failure. All of the failures were in patients in whom the amount of 
chest-tube drainage was more than 100 mi/day. Pleurodesis with tetracycline was 
painful in six patients; no pain was associated with use of bleomycin. Small pneumotho- 
races developed in four patients at the time of chest-tube placement, without conse- 
quence. A superimposed infection that developed in a patient having continuous drain- 
age of pleural fluid was successfully treated with antibiotics. 

Pleural sclerotherapy can be performed through sonographically placed small-bore 
catheters with results comparable to those seen with large-bore, surgically placed 
catheters. 
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Treatment of a variety of pleural abnormalities, including aspiration of loculated 
pleural effusions [1-3], biopsy of pleural masses [4], evacuation of pneumothoraces 
[2, 5], drainage of empyemas [6, 7], and drainage of mediastinal collections [8-10], 
is now routinely directed with image-guided interventional techniques. A natural 
extension of these techniques has been treatment of recurrent malignant effusions 
by using a combination of small-bore catheter placement under sonographic 
guidance [3] and chemical pleurodesis with a sclerosing agent. A major advantage 
of sonographic guidance is that it allows accurate and safe placement of catheters 
into small or loculated pleural effusions. Traditionally, pleurodesis has been per- 
formed by surgeons [11, 12] and by using large-bore chest tubes, but a recent 
report [3] has suggested that small-bore catheters can be used with equal success 
for drainage and sclerosis. The potential advantages of small-bore catheters (<30- 
French) over stiff, large-bore catheters (>30-French) include less traumatic insertion 
and better tolerance by patients. 

We retrospectively reviewed the technical and clinical results in 21 patients 
whose malignant pleural effusions were treated by using sonographically guided 
chest-tube placement and pleural sclerosis with either tetracycline or bleomycin. 


Materials and Methods 


All patients with malignant pleural effusions seen by the oncology service at our institution 
between June 1987 and February 1990 (22 patients) were referred for sonographically guided 
pleural sclerosis. Medical records were reviewed to determine the type of primary malignant 
neoplasm, sclerosing agent used, procedural complications, and clinical and radiologic follow- 
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up. Nineteen patients were women and three were men; the age 
range was 30-88 years. Eight patients had carcinoma of the breast, 
five had carcinoma of the ovary, five had carcinoma of the lung, two 
had metastatic sarcoma, one had carcinoma of the endometrium, 
and one had carcinoma of the pharynx. All patients had symptomatic 
pleural effusions, with cough and dyspnea, and radiographic evidence 
of pleural effusion before sclerosis. All patients had had at least one 
previous therapeutic thoracentesis (range, one to four procedures), 
and no patient was excluded from consideration for pleural sclerosis. 
Sonography was used to localize effusions and to ensure that the 
catheter was placed in the central and most dependent portion of the 
collection. 

The technique for placement of small-bore catheters has been 
described previously [1, 6]. Patients sat on the side of a stretcher 
facing away from the radiologist, and sonography was used to locate 
the fluid collection. The entry site, above the rib nearest the collection, 
was anesthetized with 1% lidocaine. A small incision was made in 
the skin, and a hemostat was used to separate the subcutaneous 
tissue, in order to ease catheter insertion. The drainage catheter was 
inserted into the pleural space by using the trocar technique in most 
cases. The size of the catheters was 7- to 24-French, and in 18 of 
22 cases, specially designed empyema catheters (Cook Co., Bloom- 
ington, IN) were used. These catheters have been described previ- 
ously [6]. They are inserted in trocar fashion, and after release from 
the cannula, they form a partial curve to prevent pleural injury. The 
24-French catheter (Thal-Quick chest tube, Cook Co.) is a straight 
catheter without a curved tip and requires insertion by Seldinger 
technique. Extension tubing was used to connect the catheter to a 
standard three-bottle, water-sealed, chest-tube suction apparatus 
(Pleur-E-Vac, Deknatel, Division of Pfizer, Hospital Products Group, 
Queens Village, NY); the system was placed on wall suction (pres- 
sure, 20 cm of water). A chest radiograph was obtained after the 
procedure to exclude pneumothorax. 

Sclerotherapy was performed (1) when drainage from the catheter 
was less than 100 ml of fluid per day or (2) on the fifth day if drainage 
had been more than 100 ml per day for the preceding 5 days. 
Sclerosing agents used were 2.0 g of tetracycline dissolved in 100 
ml of normal saline with 20 ml of 1% lidocaine (18 patients) or 60 IU 
of bleomycin in 50-100 ml of 5% dextrose solution (four patients). 
When tetracycline was used, this dose (2.0 g) was given each day 
for 3 days. Bleomycin was given as a single dose. One patient was 
treated with both tetracycline and bleomycin. 

After injection of the sclerosing agent, the tube was clamped for 1 
hr, and the patient's position was changed every 15 min, to allow 
even distribution of the sclerosant. The tube was then unclamped, 
and wall suction (pressure, 20 cm of water) was reestablished. The 
catheter was removed 24 hr later in all but one patient. Success of 
sclerotherapy was ascertained by assessing change in clinical signs 
and symptoms and change in the size of effusions on chest radio- 
graphs after sclerotherapy. 


Results 


Pleural effusions were 200 ml to 1.51 in volume and were 
located posteriorly or posterolaterally in the pleural space. No 
loculated effusions were seen. Of the 22 patients studied, 
pleurodesis was not performed in one patient with brain 
metastases because the patient continued to have high vol- 
ume of drainage from the chest tube (>100 ml/day) and 
became unresponsive 4 days after catheter insertion. The 
pleural catheter was left in situ until the patient's death. 
Pleurodesis was judged to be successful if patients remained 
asymptomatic and successive chest radiographs showed no 
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recurrence of pleural effusion for 1 month after sclerotherapy. 
Pleurodesis was initially successful in 14 of 21 patients and 
failed in seven patients. In all seven patients in whom sclerosis 
failed, the volume of drainage from the chest tube had been 
more than 100 mi/day before sclerosis. Two of the seven 
patients in whom pleural sclerosis failed were treated again, 
with one successful outcome; the total success rate was 71% 
(15 of 21 patients). The remaining five patients were not 
treated again because of a deterioration in their clinical con- 
dition. Pleurodesis was successful with all catheter sizes used 
(7- to 24-French). Early in our series, a 7-French catheter 
clogged, which required exchange for a 24-French catheter. 
We now use a specially designed 16-French empyema cath- 
eter (Cook Co.) for pleurodesis and have avoided problems 
with clogging. Of the 14 patients treated successfully with 
one treatment, 12 received tetracycline and two received 
bleomycin. 

Clinical follow-up and follow-up chest radiographs were 
available for all patients until they died (2 weeks to 25 months; 
mean, 3.6 months). Thirteen of the 21 patients lived 4 weeks 
or longer after pleurodesis; of these, 10 (77%) of 13 had 
persistent symptomatic relief and no reaccumulation of fluid 
shown on successive chest radiographs when compared with 
the chest radiograph taken immediately after sclerotherapy. 
In two patients, fluid reaccumulated, and they were not 
treated again; one patient was treated again successfully. Of 
the eight patients who died within 4 weeks of pleurodesis, 
four were free of reaccumulated fluid for at least 2 weeks. In 
the remaining four of eight patients, pleurodesis was com- 
pletely unsuccessful; fluid reaccumulated and signs and 
symptoms recurred within 1 week of sclerotherapy. One of 
these four patients was retreated, again unsuccessfully. 

The procedure was well tolerated by most patients. In four 
patients, small (<15%) pneumothoraces developed as a result 
of the initial placement of four chest tubes via the Seldinger 
technique. All responded to Pleur-E-Vac suction. Five patients 
had mild to moderate pain when tetracycline was instilled; 
this was controlled by moderate doses of narcotics. One 
patient had severe pain lasting for several hours and refused 
a third instillation of tetracycline. She had no reaccumulation 
of pleural fluid. No patient had pain when bleomycin was 
used. In one patient with a metastatic sarcoma and continu- 
ous drainage of pleural fluid, a superimposed infection devel- 
oped, which responded to antibiotic therapy. 


Discussion 


Many approaches have been used to alleviate clinical signs 
and symptoms associated with malignant pleural effusions, 
including surgical pleurectomy [13], repeated chest thora- 
centeses [11], and sclerotherapy via large-bore (32- to 38- 
French) surgically placed chest tubes [12]. Surgical pleurec- 
tomy is almost always successful in patients with malignant 
pleural effusion [13]. However, morbidity is high, and less 
invasive methods are more desirable, particularly because 
these patients have a short life expectancy. Repeated thora- 
centeses alone are not sufficient because pleural fluid reac- 
cumulates quickly in these patients [11, 14]. Surgical tube 
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thoracostomy with large-bore (32- to 38-French) catheters 
and instillation of a sclerosing agent into the pleural space is 
currently the most common method of treatment, with suc- 
cess rates ranging from 69% to 94%, depending on the 
sclerosing agent used [15, 16]. 

Agents that have been used for pleural sclerosis include 
talc, gold, radioactive phosphorus, thiotepa, 5-fluorouracil, 
quinacrine, nitrogen mustard, doxorubicin, adriamycin, Coryn- 
ebacterium parvum, tetracycline, and bleomycin [15]. Hau- 
sheer and Yarbro [15], in a review of these agents, concluded 
that bleomycin and tetracycline were the agents of choice, 
with response rates of 85% and 70%, respectively. Tetracy- 
cline has become the accepted first-line agent because of its 
availability, low cost, and success rate [17, 18]. However, 
instillation of tetracycline into the pleural space is frequently 
associated with pain and fever [17]. Some think that bleo- 
mycin is a more effective agent than tetracycline, with fewer 
side effects; the main drawback is the expense. 

A recent study by Parker et al. [3] suggested that pleural 
sclerosis performed with small-bore catheters was as effec- 
tive as techniques that use larger surgical chest tubes. Our 
results confirm these conclusions, with an overall success 
rate (71%) comparable to the rates of surgical series (69- 
94%). Smaller bore chest tubes were well tolerated by the 
patients in our series and were effective in completely draining 
pleural effusions. In our study, only one catheter (7-French) 
became clogged; it was replaced by a larger bore (24-French) 
catheter, and sclerosis ultimately was successful. In addition 
to the overall efficacy of small-bore catheters, advantages of 
using sonographic guidance for placement compared with 
blind insertion of large-bore chest tubes include accurate 
placement of catheters into the central, dependent portions 
of pleural effusions and better tolerance by patients of small- 
bore catheters than of the larger, stiffer surgical catheters. 

In this series, sclerotherapy failed in patients who had 
sclerosis performed when drainage from their chest tube was 
more than 100 mli/day. Although some surgeons think that 
drainage should be less than 100 ml/day before sclerotherapy 
[15], no controlled studies have been done in support of this 
claim. We chose to perform sclerotherapy in patients whose 
volume of drainage continued to be more than 100 ml of fluid 
per day after 5 days of continuous drainage. Our high failure 
rate in this group of patients lends further support to the 
approach that sclerotherapy be reserved for patients in whom 
drainage from the chest tube is less than 100 ml/day. 

Complications were minimal in this series. Clinically insig- 
nificant pneumothoraces related to the placement of catheters 
via the Seldinger technique developed in four patients. No 
pneumothoraces occurred when catheters were placed by 
using a trocar technique. The trocar technique requires fewer 
catheter exchanges than the Seldinger technique, and the 
likelihood of introducing air into the pleural space is less. Six 
patients had pain when tetracycline was instilled into the 
pleural space, despite the use of lidocaine in the diluent. The 
pain was mild to moderate in five and was controlled with 
small doses of IV narcotic agents. Pain was severe in one 
patient and lasted several hours despite substantial doses of 
narcotics. No pain occurred when bleomycin was instilled into 
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the pleural space. However, bleomycin is substantially more 
expensive than tetracycline for routine use as a sclerosing 
agent. 

Although eight of the 22 patients studied died within 4 
weeks of pleurodesis, pleurodesis is probably still justifiable 
to palliate the distressing signs and symptoms associated 
with large, malignant pleural effusions. Of the eight patients 
who died before 4 weeks of follow-up, four had no reaccu- 
mulation of fluid at the time of death (2-3 weeks after pleu- 
rodesis) and had relief of signs and symptoms. 

In summary, Sonographic guidance allows placement of 
pleural catheters that are smaller than standard surgical chest 
tubes, are well tolerated by patients, and are effective in the 
drainage of effusions and for pleural sclerosis. Pleural scle- 
rosis is a simple procedure that was well tolerated by patients 
with an overall success rate of 71% in our series, comparable 
to the rates of techniques that use surgical tube thoracos- 
tomy. 
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The British Columbia 
Mammography Screening 
Program: Evaluation of the First 15 
Months 





We report our experiences in the first 15 months of a government-funded pilot project 
begun in 1988 to study the feasibility of rapid throughput, low-cost screening mammog- 
raphy in British Columbia. The primary goals of the project were (1) to determine the 
unit cost of screening mammography within the context of the program; (2) to design 
and put into operation a centralized system of data collection, analysis, and quality 
control to enable calculations of cancer detection rates, biopsy rates, biopsy yield ratios, 
staging, and other specific cancer characteristics; and (3) to study compliance in the 
community where the program was offered. A total of 11,824 women had mammography 
at a unit cost of U.S.$32.66. Computerized analysis revealed that (1) 11% of women had 
known primary risk factors; (2) findings on mammograms were interpreted as abnormal 
in 9% of screening examinations; (3) breast cancers were confirmed in 47 (22%) of 211 
patients who had biopsies, and 87% of these were stage 0-I. The overall cancer 
detection rate was four per 1000, with five per 1000 for women who had not had 
mammography in the preceding 2 years and one per 1000 for women who had had 
mammography in the past 2 years. 

The results show that screening mammography can be conducted at low cost. Data 
collection and analysis and compliance were sufficiently convincing to initiate province- 
wide expansion. 
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The acknowledgment that mammography screening is the best single method 
to reduce mortality rates from breast cancer has had a potent influence on medical 
practice, and numerous national and international organizations have issued rec- 
ommendations for screening mammography [1-3]. Cost-control concepts and 
Strategies have been invoked by the American Cancer Society [4, 5], and cost 
control has been demonstrated by projects in Sweden, the Netherlands, and North 
America [6-13]. It has been continually emphasized that screening mammography 
can be provided at a cost significantly lower than the cost for radiologic evaluation 
of symptomatic patients. Residents of British Columbia are insured with the plan 
administered by the provincial government, which funds all required medical serv- 
ices. Definite potential exists for the public as a whole to benefit from the estab- 
lishment of a successful low-cost screening program. 

The Screening Mammography Program of British Columbia pilot project was 
established with three primary goals: (1) to determine the unit cost of screening 
mammography; (2) to design and put into operation a centralized system of data 
collection, analysis, and quality control so that program results could be compared 
with those of other similar studies; and (3) to study compliance and acceptance of 
the project by women in the community where the service is provided. 


Subjects and Methods 


Advertising, using various communications media, public presentations, and mailings to 
family physicians, is directed to asymptomatic women 40 years old and over; women less 
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than 40 years old are accepted by special request if they have a 
strong family history of breast cancer. Women are invited to partici- 
pate either with or without a formal physician's referral, and they are 
required to give the name of a family physician. If they do not have a 
family physician, they are requested to find one before the screening 
can be done, because it is the family physician who is expected to 
manage the patient if an abnormality is found at screening mammog- 
raphy. 

Registration and a brief interview for epidemiologic data are con- 
ducted by clerical staff. Women with breast symptoms are not 
screened but are directed to their family physicians, who are expected 
to arrange for diagnostic mammography, which can be conducted at 
any one of numerous hospitals and clinics in the community. There- 
fore, only asymptomatic women are considered eligible for the pro- 
gram. Before taking the mammogram, the mammography technolo- 
gists inspect the breasts for scars and skin lesions and record any 
abnormality, although they do not actively palpate the breasts. Stand- 
ard mediolateral oblique and craniocaudal views are obtained with no 
film monitoring on a CGR 500T unit, with Kodak Min-RE film, Min-R 
medium screens, and dedicated processing. Movable grids are used 
routinely. The entire visit in the screening center averages less than 
30 min. 

Screening examinations are batch reported by one of a team of 
five screening radiologists, the films having been mounted by tech- 
nologists on a multiviewer. The members of the screening team were 
chosen from a group of nearly 30 applicants, the choice made by the 
steering committee after assessment of documented mammographic 
experience both in screening and diagnosis, as well as contribution 
to mammographic education in the community and to the scientific 
literature. A standardized test based on documented cases was 
devised as a means to assess the expertise of future screeners; 
individual abnormal interpretation rates and cancer detection rates 
are assessed on a monthly basis. 

Reporting is currently done by using a check-off form in which the 
results are designated as either normal or abnormal. A handwritten 
note describing the finding is added by the radiologist in abnormal 
cases. Previous films, if done at the screening center, are always 
provided for comparison. The screening radiologist decides whether 
or not a technical error requires the examination to be repeated; 
under these circumstances, women are asked to return for further 
films, and no interpretation is rendered until the examination is 
considered complete. The patient’s physician and the patient receive 
a letter with results for all examinations. In cases with abnormal 
findings, the physician receives a written report generated from the 
check-off interpretation form that describes the abnormality and its 
location, together with brief but specific recommendations for diag- 
nostic workup. Letters to both physicians and patients include a 
recommendation that physical examination of the breast be done. 
The Section of General Practice of the British Columbia Medical 
Association has undertaken to ensure that the patient is instructed 
in breast self-examination during the same visit to the physician's 
Office. 

All procedures for registration, recording of mammography results, 
printing of reports and letters, handling of return screening visits, 
follow-up of patients with abnormal findings, and recording of out- 
come data are fully centralized. Specifically, at the head office, a team 
of three, headed by a program evaluator, is responsible to ensure 
that complete follow-up on all women with abnormal findings is 
documented. Documentation of diagnostic workup is requested by 
mail from the patients’ physicians. It has been possible to complete 
follow-up documentation on all patients with abnormal interpretations 
within 6 months of the screening visit. 

The British Columbia Cancer Registry records all cancers diag- 
nosed in British Columbia. By means of computer linkage with the 
Cancer Registry we are able to identify subsequent breast cancers 
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in patients who were screened but whose cancers were not detected 
by the screening mammogram. Therefore we can document all inter- 
val cancers diagnosed in the province. For our program, the recom- 
mended screening interval is 1 year; therefore, interval cancers are 
defined as those diagnosed within 1 year of the most recent screening 
mammography examination. All biopsy specimens generated by the 
screening program undergo a formal review by the senior pathologist 
of the British Columbia Cancer Agency. 


Results 


The unit cost per screening during the first 15 months of 
operation was Can$37.55 (U.S.$32.66). The unit operating 
cost includes an interpretation fee of $5.00 per mammogram 
and an administrative fee of $1.00 per mammogram. This unit 
cost does not include an additional unit cost of $1.25 for 
rental of office space and $5.32 for equipment. These addi- 
tional costs have been built into the current budget because 
they will be incurred in a noninstitutional setting and do not 
apply to the pilot center. Overall, the cost breakdown was 
salaries and benefits, 56%; professional fees, 10%; non- 
professional expenses, including supplies, data processing, 
and equipment maintenance, 34%. 

During the first 15 months of operation, 11,824 women 
were screened. Forty percent of the women attending were 
less than 50 years old and 33% were premenopausal. Only 
18% were nulliparous, 21% reported late age at first parity 
(i.e., 830 years and over), and 11% had a family history of 
breast cancer (Table 1). Seventy-five percent regularly prac- 


TABLE 1: Distribution of Demographic Characteristics in 11,824 
Women Participating in Mammography Screening Program 





Characteristic No. (%) 

Age (yr) 

<40 76 (1) 

40-49 4668 (40) 

50-59 3700 (31) 

60-69 2623 (22) 

>70 ior (6) 
Menopausal status 

Premenopausal 3926 (33) 

Postmenopausal 6576 (56) 
Education 

Did not graduate 2413 (20) 

High school graduate 2691 (23) 

Postsecondary 6547 (55) 
Parity 

Nulliparous 2150 (18) 

Parous 9511 (80) 
Age at first delivery (yr) 

<20 993 (8) 

20-29 6881 (58) 

>30 2444 (21) 
Family history 

No 10461 (88) 

Yes, unilateral and post- 737 (6) 

menopausal 
Yes, bilateral or premeno- 626 (5) 
pausal 





Note.—Some participants did not answer all questions; therefore, numbers do 
not add up. Percentages, however, relate to total number of women (11, 824). 
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TABLE 2: Distribution of Prior Breast Examination in 11,824 
Women Participating in Mammography Screening Program 
Sa ee + ee 


Examination No. (%) 

Breast self-examination 

No 2868 (24) 

Yes 8859 (75) 
Breast physical examination 

No 3825 (32) 

Yes 7883 (67) 
Mammography 

No 8716 (74) 

Yes 3029 (26) 
Breast biopsy 

No 10201 (86) 

Yes 1603 (14) 


SS SS SP DS A EE AR | 
Note.—See footnote to Table 1. 


TABLE 3: Subsequent Diagnostic Tests Performed on 1031 
Women with Abnormal Findings on Mammograms 
SS O ER TS 


Diagnostic Investigation No. (%) 
Diagnostic mammography 816 (79) 
Sonography 242 (24) 
Fluid aspiration 74 (7) 
Tissue aspiration 11° (1) 
Wire localization and biopsy 149 (14) 
Biopsy (other) 62 (6) 





ticed breast self-examination, and 67% had had physical 
examination of the breast within the past year. Twenty-six 
percent had had mammography before, and 14% had had a 
breast biopsy with benign results before (Table 2); women 
with previous diagnoses of breast malignancy were not ac- 
cepted for the program. 

All 1031 patients with abnormal mammographic interpre- 
tations were followed up through diagnosis. The overall ab- 
normal interpretation rate was 9%, with a range from 8% to 
9% by individual screening radiologists. The call-back rate 
because of technically unsatisfactory films was 0.5%. The 
kinds of subsequent diagnostic tests performed on women 
with abnormal findings on mammograms are summarized in 
Table 3. Under the current protocol, only patients regarded 
as having a negligible risk of malignancy are assigned to early 
follow-up mammography at 4-6 months, and therefore an 
early follow-up category has not been included in the list of 
diagnostic investigations. This policy is currently under review, 
pending analysis of the basic assumption. 

Forty-seven cancers were diagnosed on the basis of 211 
biopsies, for an overall cancer-to-biopsy ratio of 22%. As 
there is neither a review clinic nor a community standard for 
the number and order of diagnostic tests, this biopsy yield is 
therefore a manifestation of the various diagnostic practices 
within this medical community. 

Certain patterns of delay from the screening center visit to 
referral for diagnostic investigation emerged. A mean delay 
of 25 days occurred from the time of the screening mammo- 
grams to when diagnostic mammography was performed, 
and a mean delay of 29 days occurred between diagnostic 
mammography and biopsy. Delays were generally shorter in 
women ultimately diagnosed with breast cancer. 
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The cancer detection rate for women with prevalent can- 
cers (NO mammography in the preceding 2 years) was five 
per 1000; that for incident cancers (mammography during the 
preceding 2 years) one per 1000. The overall cancer detection 
rate was four per 1000. The breast cancer detection rate was 
age dependent: for women less than 50 years old, 1.7 per 
1000; for women 70 years old or more, 9.2 per 1000. Detec- 
tion rates for breast cancer relative to mammographic pro- 
portion of dense tissue were 4.8/1000 for women with less 
than 50% dense tissue and 2.6/1000 for women with more 
than 50% dense tissue (Table 4). 

Thirteen (28%) of the 47 cancers were ductal carcinoma in 
situ; 33 (70%) were invasive ductal carcinoma, the remaining 
one (2%) was lobular invasive carcinoma. The tumor sizes 
are shown in Table 5. Twenty-eight (60%) of 47 cancers 
measured 10 mm or less, and nine of these were in situ. 
Axillary nodes were not dissected in five women with in situ 
lesions; one additional woman with invasive disease declined 
recommended dissection. For the remaining 41 cases, five 
showed involvement of axillary lymph nodes; in only one of 
these was the involvement more significant than that of 
micrometastasis. Cancers were staged according to the cur- 
rent criteria of the American Joint Committee on Cancer. 


TABLE 4: Cancer Detection Rates by Subgroups of Participants 

















Cancer 
No. of No. 
Subgroup Women with detection 
Screened Cancer Rate (per 
1000) 
Age (yr) 
<50 4744 8 La 
50-59 3700 15 4.0 
60-69 2623 17 6.5 
>70 757 Fi 9.2 
Family history of breast cancer (first degree relative) 
No 10461 40 3.8 
Yes, lower risk? 137 3 4.1 
Yes, higher risk’ 626 4 6.4 
Prior mammography in preceding 2 years 
No 8716 44 5.0 
Yes 3029 3 1.0 
Mammographic proportion of dense tissue (D) 
<50% 7248 35 48 
>50% 4573 12 2.6 
Total 11824 47 4.0 
* Lower risk: unilateral disease, age >50 years. 
° Higher risk: bilateral disease, age <50 years. 
TABLE 5: Size of Breast Cancers 
Lesion Size Intraductal Invasive Total 
(mm) a 
<5 6 4 10 
6-10 3 15 18 
11-20 2 10 12 
>20 2 5 7 





Note.—Sizes of 24 of the 47 tumors were available from the pathology 
report; the remainder were measured on the mammograms. 
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Twenty-one percent were stage 0, 64% stage |, 13% stage 
ll, and 2% stage Ill. Overall, 85% were stage 0 to I. If the 
criteria of Martin and Gallager [14] are applied, 36% of the 
cancers detected were in the minimal category; 67% would 
be minimal if the expanded criteria (including invasive carci- 
nomas 10 mm or less) were used [15]. 

The false-negative rate was measured through linkage with 
the cancer registry. Breast cancer was diagnosed in seven of 
our patients within 1 year after a normal mammographic result 
at the screening center, an interval cancer rate of 5.9 per 
10,000 patients. On review, only one of the patients with 
interval cancers had radiologic signs suggestive of neoplasm. 
The rest of the interval cancers were in dense breasts and 
were radiologically occult. A detailed analysis of all interval 
cancers will be the subject of a subsequent report. The true 
sensitivity of the screening mammograms therefore was 87% 
(47/54), specificity was 92% (10786/11770), and positive 
predictive value of an abnormal interpretation was 5% (47/ 
1031), ranging among radiologists from 3% to 6%. 


Discussion 


The acknowledgment of the proved benefit of screening 
mammography from the earliest results of the Health Insur- 
ance Plan of New York study [16, 17] and the subsequent 
confirmation based on the trials from Sweden and the Neth- 
erlands [18, 19] resulted in American Cancer Society Guide- 
lines for Cancer Related Check-ups with specific recommen- 
dations for breast cancer in 1980 [20]. Subsequently, studies 
such as those performed by the American Cancer Society in 
1984 [4] and in 1989 [5] confirmed that the guidelines were 
not being adhered to and that mammography was being 
generally underused in the United States. 

In British Columbia, the situation is not analogous to either 
the patient-funded system prevalent in the United States or 
the public-funded systems of Sweden and the Netherlands 
(9-13, 21, 22]. Similarly, it is not analogous to the two-tiered 
funding system of Great Britain. In the Canadian system, in 
which essentially all citizens are insured publicly, and mam- 
mography of asymptomatic women is available in approxi- 
mately 30 facilities in the Vancouver area, whether screening 
mammography is offered free at the Screening Mammography 
Pilot Project is not of concern to women who are informed 
enough to present for screening. It is for this reason that 
barriers to screening mammography cited by Gold et al. [23], 
involving the attitudes of patients and physicians, become 
more relevant. Despite the fact that average attendance (825 
per month) was less than the expected 1000, the unit cost 
for screening of Can$37.55 (U.S.$32.66), excluding equip- 
ment, compares quite closely with the results from both fixed 
centers (Bird and McLelland [11], U.S.$27.00) and mobile 
facilities (Sickles et al. [9], U.S.$25.00 and Rubin et al. [13], 
U.S.$55.00) in the United States, and with the Swedish pro- 
gram's unit cost of U.S.$24.00 [3]. 

The unit cost, calculated after the first 15 months, included, 
inevitably, costs for development of the central computer 
system and programs for analysis. Although these develop- 
ment costs cannot be regarded as purely related to the 
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screening examination, they cannot be separated from the 
screening center's costs at a time when only one screening 
center was in operation. We anticipate that as the program 
expands, even without an increased volume of patients, the 
cost per screening will decrease as development costs de- 
cline. This phenomenon is addressed by Van der Maas et al. 
[24] of the Netherlands, who in preparing estimates for the 
unit cost at different stages of their program, predict a drop 
from U.S.$86.00 to U.S.$35.50 throughout the planned 27- 
year course of the program. 

The daily screening volume dropped after 9 months of 
operation by an average of five screenings per day. Unit cost 
increased from Can$33.81 for the first 9 months to Can$37.55 
for the total 15-month period, reflecting primarily reduction in 
the daily volume of patients. 

McLelland and Sickles [25] emphasize the need for edu- 
cation on the benefits of early detection and acceptance of 
screening by both patients and physicians to ensure compli- 
ance. Having established an acceptable unit cost at current 
average daily volume, we expect that our future challenges 
will include maintenance of the volumes at the current centers 
and ensuring adequate volume at the newer developing cen- 
ters. Success in these areas will clearly depend on the effec- 
tiveness of educational techniques. 

The central computerization system has been developed in 
an ongoing fashion based on three consecutive projects: the 
first comprised the elements necessary for registration and 
recording and printing of interpretation; the second provided 
the capacity to handle annual return visits, to follow-up ab- 
normalities and analyze outcome data; and the third included 
elements for ongoing management reporting, quality control, 
evaluation, and monitoring. Although all projects have been 
completed to the current requirements, we are still refining 
the auditing programs for maximum efficiency. 

The observation that few women had known risk factors is 
consistent with the work of Seidman et al. [26]. The high 
proportion of women who had performed self-examination 
and reported having received a physical examination of the 
breast in the past year suggests a relatively high degree of 
health consciousness in the screening population. The per- 
centage of women who had had mammography before (26%) 
falls between the 33% figure cited by Rubin et al. [13] and 
the 4% figure of Sickles et al. [27]. The high percentage of 
women in this category, particularly those who had had 
mammography within the past 2 years, will reduce the total 
number of prevalent cancers available for detection, and 
therefore will affect the overall detection rate. 

Our measured false-negative rate of 5.9 per 10,000 is 
based on linkage with the British Columbia Registry. It is 
similar to the rates estimated by Sickles et al. [27] and Bird 
[12] of 4.4 and 5.5 per 10,000, respectively. However, be- 
cause these rates were not based on population-based reg- 
istries and because of the different means of calculation, 
these three rates cannot be accurately compared [28]. Further 
follow-up to determine any additional false-negatives diag- 
nosed more than 12 months after the conclusion of the pilot 
Study, as well as ongoing documentation of missed and 
interval carcinomas, is currently underway. It is of interest 
that a quality assurance standard of six missed cancers per 
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10,000 within the 12 months subsequent to a prevalent 
screening is one of the criteria set for the British National 
Health Service Breast Screening Program [29]. 

The overall cancer detection rate of four per 1000, with five 
per 1000 in the group not screened in the past two years and 
one per 1000 in the group screened during this period, is 
comparable with similar figures cited by Sickles et al. [27] and 
Bird [12]. Moskowitz [30] predicted a four per 1000 overall 
detection rate for the National Breast Screening Study Pro- 
gram. Factors such as self-selection, the significant proportion 
of women less than 50 years old who were examined, and 
the relatively high number of women who had had mammog- 
raphy before would influence these minor variations between 
studies. Also, results of various studies need to be compared 
and contrasted in the broader context of the primary motive 
for screening—reduction in mortality rate. The detection of 
47 cancers, 85% of which were stage 0 to I, 88% of which 
occurred with normal axillary lymph nodes, and 36% of which 
were Classified as minimal according to Martin and Gallager 
[14] could reduce the mortality rate due to breast cancer. 
Analyses of false-positive, false-negative, and positive predic- 
tive values provide the basis for the essential quality control 
of the performance of radiologist screeners. 

Finally, the confirmation that screening mammography can 
be conducted at high volume and low cost under circum- 
stances in which there is no specific incentive such as low 
cost to attract women to attend a high-volume screening 
center rather than a diagnostic facility suggests that provision 
of facilities for wider scale screening would succeed here. On 
the other hand, measures such as mailed invitations to spe- 
cific groups of women may eventually be necessary to ensure 
an acceptable average level of attendance. Maintaining com- 
pliance will clearly continue to be the ongoing challenge to 
perpetuate the economic advantages of such a program to 
the public. Full implementation of the program with its pre- 
dicted reduction in mortality rate of at least 30% [31] here in 
British Columbia will depend on education, not only of radio- 
logic professionals but also of primary physicians and the 
public as a whole. 
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The reader's attention is directed to the commentary on this article, which appears on pages 55-57 
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Book Review 





Imaging of the Thyroid and Parathyroid Glands. A Practical Guide. Edited by Brian Eisenberg. New York: 


Churchill Livingstone, 209 pp., 1991. $59.95 


Nuclear medicine may have come full circle. The field was born 
with studies of the thyroid in the late 1940s. Now, almost 50 years 
later, there is a resurgence of interest in imaging the gland. Eisenberg 
has edited a volume of 11 chapters that includes discussions of 
imaging approaches to both the thyroid and the parathyroid glands. 
Two chapters cover both organs, and two are devoted to the para- 
thyroids. The remaining seven chapters deal mainly with the thyroid. 

Chapter 1 (embryology and anatomy) provides useful background 
material. However, hemiagenesis is not discussed. Other discussions 
of congenital anomalies are in the chapters on CT and sonography 
and imaging of infants and children. The second chapter deals with 
radiopharmaceuticals for imaging and therapy of the thyroid. The 
Statement that excretion of radioiodine in the sweat is not an impor- 
tant route may be true for diagnostic uses, but such excretion can 
be a major source of room contamination when therapeutic quantities 
of radioiodine are used. The pronouncement that the biologic half-life 
of iodine in the thyroid is directly related to maximum uptake is 
certainly not rigorously correct; it depends in part on the extent of 
iodine stores. Also incorrect is “Il-127, a stable compound”; iodine is 
an element. The book states that the p,2n reaction produces the 
least impurities in iodine-123; practically, the precursor can not be 
obtained, hence the iodine (p,5n) reaction is used. The second chapter 
also discusses thallium-201 as a parathyroid imaging agent, a topic 
repeated in chapter 10 on parathyroid scintigraphy. Table 2-10 lists 
the estimated absorbed radiation dose from *°'TI, but the parathyroids 
are not included. 

Chapter 3 deals with thyroid function tests. Figure 3-2 illustrates 
palpation of the thyroid from the rear, without clear explanation of 
marking masses anteriorly in order to provide correlation with the 
findings on emission scans. The fourth chapter covers a variety of 
topics, including scintigraphic patterns of the thyroid, uptake of 
radioiodine, and the Nuclear Regulatory Commission’s guidelines for 
use of radioiodine. The statement that clinically evident thyroid nod- 
ules occur in 4% to 7% of adults is likely correct; the missing qualifying 
Statement is that the prevalence gradually increases with age. Figure 
4-7 of a “warm adenoma” should be coupled with the discussion of 
“discordant nodules.” Table 4-2 is a bit misleading, as we generally 
think of the potential causes of elevated uptake of radioiodine, and 
endemic iodine deficiency is not mentioned. Chapter 5 deals with the 
diagnosis and treatment of hyperthyroidism. A serious mistake occurs 
in the formula for calculating the dose of radioiodine. It should read 
(100/24-hour hour RAIU percent) rather than 24-hour RAIU percent. 


Other equations are even more confusing: one uses percent (incor- 
rectly), and the second uses uptake (correctly) as a decimal. In 
addition, no clear exposition is given of the correction to be applied 
for rapid radionuclide turnover. 

The sixth chapter, on radionuclide diagnosis and therapy of thyroid 
cancer, is generally well handled but does not discuss use of 7°'T| 
and technetium-99m(V)—dimercaptosuccinic acid in medullary thyroid 
carcinoma. Chapter 7, on CT and sonography of the thyroid, de- 
scribes sonographically guided biopsy; | suspect that most palpable 
thyroid masses are aspirated in physicians’ offices or in clinics, 
without imaging guidance. At least a brief discussion should be given 
of the problem of interpreting the biopsies, especially when masses 
of follicular cells are encountered. The discussion of CT should include 
potential problems when an iodinated contrast agent is used in a 
patient with thyroid disease. Doppler imaging is mentioned, with the 
caution that “easier, more specific and less expensive ways to 
diagnose Graves’ disease” are available. Sonographic and CT tech- 
niques for assessing the parathyroids are discussed, with the state- 
ment that little difference exists between sonography, CT, and the 
dual radionuclide technique in detecting parathyroid adenomas larger 
than 500 mg. 

Chapter 8 states that MR is a “sensitive, nonspecific modality” for 
imaging the thyroid. Chapter 9 covers imaging of infants and children. 
Most clinicians may not agree with using '**! imaging in lieu of 
pertechnetate in the neonate with hypothyroidism. The illustration of 
hemiagenesis does not have a description of the typical “hockey 
Stick" appearance. Chapter 10 discusses parathyroid scintigraphy 
and has a good review of the history of the various radionuclide 
imaging techniques. Chapter 11 covers MR imaging of the parathy- 
roids, including use of high-resolution surface coils. Table 11-1 on 
the sensitivity and specificity of MR, sonography, and the dual radio- 
nuclide technique is useful; on the basis of literature data, it divides 
cases into suspected preoperative hyperparathyroidism and postop- 
erative hyperparathyroidism. 

This book has much of interest, but pitfalls abound. The large 
number of typographic errors is discouraging. This moderately priced 
book should be approached with a bit of caution. 


Richard P. Spencer 
University of Connecticut Health Center 
Farmington, CT 06030 
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Design and Conduct of a Low- 
Cost Mammography Screening 
Project: Experience of the American 
Cancer Society, Texas Division 





To improve compliance with recommendations for screening mammography, the 
American Cancer Society (ACS) Texas Division designed and conducted a media- 
promoted screening project in 1987. The project was planned during a 2-year period by 
a task force made up of physicians and lay members of ACS division committees. 
Radiology centers desiring to participate in the project were asked to submit information 
about the number of patients they could screen and their equipment, along with physics 
data, to a review committee. Of 306 facilities that responded, 266 (87%) passed the 
initial review. Thirteen facilities (4%) submitted images from two examinations using a 
dedicated mammography phantom, and 27 sites (9%) entered the project by agreeing 
to adhere to the project standards and guidelines without undergoing formal review. All 
facilities agreed to provide mammograms for $50 to women scheduling appointments 
during a 2-week media campaign in February 1987. The project generated 64,459 
mammographic screening examinations. 

Our experience indicates that a media campaign can encourage women to have 
screening mammograms and that screening facilities will agree to screen a large number 
of women at reduced cost. This strategy, if widely applied, can improve compliance with 
mammographic screening recommendations and reduce breast cancer mortality. 
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The number of new cases of breast cancer and the number of deaths from 
breast cancer continue to increase each year. In 1990, breast cancer accounted 
for 29% of cancers in women and for 18% of cancer deaths among women [1]. 
Although mammographic screening reduces mortality from breast cancer [2-10], 
both physicians and patients express concerns about the cost of screening 
mammography [11]. Consequently, women are not being screened as recom- 
mended by published guidelines [12]. 

One method to improve use of mammographic screening is to reduce charges 
and simultaneously to promote the availability of mammographic screening through 
use of the media. In 1987, the Texas Division of the American Cancer Society 
(ACS) initiated a campaign to offer low-cost mammograms to all women in the 
state who were age 35 or older. Before the project, it was not clear whether such 
a plan could be successful. The planners did not know whether the 300 mammog- 
raphy facilities required would agree to participate, whether the media campaign 
would be successful, or whether the centers would be able or willing to meet the 
increased demand. 

We describe the planning, design, and execution of the ACS 1987 Texas Breast 
Screening Project (TBSP), the methods used to evaluate the characteristics of the 
participating radiology centers, and the reporting requirements for abnormal find- 
ings on mammograms. We present TBSP as a successful mode! for population- 
based recruitment to mammographic screening that can be applied in other settings. 
Results of the 64,459 screening examinations will be published separately (Peters 
GN, Vogel VG, Evans WP, Bondy M, Halabi S, Lord J, Laville EA, unpublished 
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data; Vogel VG, Bondy M, Halabi S, Lord J, Laville EA, 
unpublished data). 


Methods 
Background and Objectives 


The major aims of the project were to educate women about the 
benefits and safety of screening mammography and to educate 
community health professionals about the benefits of early detection 
of breast cancer. Primary care physicians were targeted in an attempt 
to increase their use of mammography to screen asymptomatic 
women. The primary objective was to increase the use of mammog- 
raphy for the early detection of breast cancer. The entire state was 
targeted, and a systematic, prospective follow-up analysis was imple- 
mented at the outset of the design phase. 


The Statewide Project Design 


From July 1985 through March 1987, a Division Task Force 
composed of representatives from ACS Texas Division committees 
met quarterly. Representation, cooperation, and endorsement were 
enlisted from the Texas Radiological Society, the Texas Academy of 
Family Physicians, the North and South Chapters of the American 
College of Surgeons, and the Texas Society of Obstetrics and 
Gynecology. 

Beginning in the fall of 1986, articles explaining the project were 
placed in numerous lay and professional magazines and journals. 
Representatives from the state’s major women’s organizations were 
invited to attend a briefing on the project. 

Because television participation was essential, the ACS Public 
Information Committee organized a meeting with representatives 
from stations in the state’s major television markets. Participating 
stations agreed to conduct a 1-week Breast Awareness Program 
focusing on the importance of mammography, breast self-examina- 
tion, and a physical examination performed by a physician. They also 
agreed to coordinate these programs with ACS telephone banks in 
each viewing area. Co-sponsoring television stations in 20 state 
markets also participated. This effort targeted 17 million viewers, or 
one tenth of the United States’ television viewing population. All 
television broadcasts on the benefits of mammography were sched- 
uled for the last week of February or the first week of March 1987. 
A media kick-off involving radio, television, and print media was 
organized at the Texas State Capitol building in early February. 

Telephone banks, organized in the major cities of the state’s six 
ACS areas, required 5000 volunteers for staffing daily from 9 a.m. to 
midnight during the 1-week television campaign. During the campaign 
109,339 women called for information; 64,459 women completed 
mammographic screening at the facility of their choice. Symptomatic 
women were referred to their physicians or the Cancer Information 
Service for diagnostic evaluation. Screening required as long as 4 
months for completion in some centers. Any woman who scheduled 
screening during the media campaign was assured of obtaining a 
mammogram for $50. The median price for screening mammography 
in Texas in 1987 was $125. 


Screening Center Recruitment 


During July and August 1986, the ACS Breast Cancer Awareness 
Task Force in each area office began identifying local hospitals, 
radiologists’ offices, and mammography centers. By September 
1986, these facilities had been contacted and invited to participate in 
the 1987 TBSP, provided that they could meet the following require- 
ments: (1) Possess dedicated mammography equipment capable of 
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producing a two-view mammogram with an average total mid-breast 
dose of less than 1 rad per breast examined; (2) Offer the two-view 
mammographic examination and interpretation for a maximum cost 
of $50; (3) Employ the services of technologists and radiologists who 
have been specifically trained in the production and interpretation of 
mammograms; (4) Accept women referred by the ACS after the 
media promotion and schedule them within a 2-month period (the 
low-cost screening offer would be only for those women who re- 
sponded to the ACS promotion); (5) Provide the ACS with a summary 
report of examination results. 

If facilities wished to participate, they were asked to complete a 
four-page questionnaire requesting information about the facility: 
number of women examined per day; type of equipment used for 
mammography (dedicated or general purpose) manufacturer, model, 
year purchased, focal-spot size, type of breast imaging system (film, 
film-screen, electron radiography, or xeroradiography) grid, absorbed 
dose in rads/exposure to the center of the average breast; number 
of views per breast; method and frequency of X-ray dose measure- 
ment (thermolucent dosimetry, physicist, other); date of last dose 
measurement; measurement of radiation doses, entrance exposure 
in roentgens, beam quality (half value layer in millimeters of aluminum), 
target type, tube potentials (in kVp and mAs), type of compression 
device; current storage of mammographic records, number of radi- 
ologists at the facility performing and interpreting mammography and 
their specific type of training; availability of training in breast self- 
examination; additional breast imaging techniques used; ability to 
increase number of patients examined and by how many patients; 
and the contact person responsible for the project. 

The surveys were returned to the area offices and reviewed by 
two panels, one composed of physicists and the other of physicians. 
If the information was complete and met project standards, the 
surveys were forwarded to the Division office in Austin for final review 
by the ACS Mammography Review Committee, which is composed 
of radiologists and physicists. Incomplete surveys were returned to 
the facilities for more information. 

After the Division reviewed the surveys, the facilities were notified 
if they met the standards for participation. A two-view examination 
was recommended for facilities that used three views per breast. If 
the ACS Mammography Review Committee was unable to make a 
final determination about the equipment that the facilities used, they 
requested that the facilities submit images from two examinations 
using a dedicated mammography phantom. Facilities that were not 
enrolled via these procedures were given the opportunity to partici- 
pate only if they would certify in writing that the facility would produce 
a two-view mammogram with an average mid-breast dose of less 
than one rad per examination and employ technologists and radiolo- 
gists specifically trained in the production and interpretation of 
mammograms. 

A total of 306 facilities agreed to participate: 266 (87%) joined the 
project after completion of the initial survey, 13 (4%) after phantom 
review, and 27 (9%) by strictly agreeing to adhere to the project 
Standards and guidelines without undergoing formal reviews. The 
decision to allow centers to participate without review was made 
after much discussion. The Mammography Review Committee, for 
legal reasons, did not want to deny project participation by a facility, 
because the committee was not a recognized certifying body. 

Each center agreed to provide mammograms at a cost not to 
exceed $50 and to provide follow-up reports to the participants and 
their primary physicians. If a participant did not have a private 
physician, the center provided a physician referral list. Each center 
also provided instructions or materials on breast self-examination and 
agreed to schedule mammogram appointments for at least 2 months 
and to distribute an epidemiology survey. A radiologist and an admin- 
istrator from each facility were required to attend an Area Feasibility 
Liaison meeting in January or February 1987, at which the project 
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overview, operation, and facility responsibilities were discussed. Rep- 
resentatives from each facility were asked to estimate the number of 
low-cost mammograms they could provide and to agree in writing to 
provide low-dose mammography (less than one rad per two-view 
examination), mammograms for no more than $50, physicians willing 
to see new patients, the ACS Patient Information Agreement signed 
before the patient’s examination, a final report to ACS (number of 
women screened), copies of all positive reports to ACS, screening 
appointments for a period of 2 months (to those women participating 
in the ACS promotion), and breast self-examination instructions and 
physical examinations. 

The ACS Patient Information Agreement Form emphasized that 
although mammography was the most reliable method of detecting 
breast cancer, it was only part of the screening process. It explained 
that cancers not detectable on mammography could be detected 
during a physician's physical examination or breast self-examination. 
The form also discussed breast discomfort, the cost of the mammo- 
gram, breast symptoms, and the necessity of further evaluation if the 
mammographic findings were abnormal. All participants signed the 
form before their mammographic screening and were given a copy. 

The radiologists were asked to classify their reports as negative 
(no evidence of malignancy), indeterminate (further evaluation needed 
to clarify a possible abnormality), or positive (possible cancer, biopsy 
recommended). Sample letters that were sent to patients and physi- 
cians for examinations with either normal or abnormal findings, 
mammography coupons, and other project information were distrib- 
uted to the facilities. The facilities were encouraged to notify women 
with positive mammographic findings by certified mail. 

Finally, on completion of the screening, the facilities were asked to 
submit a report specifying the total number of mammographic exami- 
nations performed; number of negative, indeterminate, and positive 
reports; disposition of patients with indeterminate or positive reports; 
number of carcinomas found, their size, the patient’s age, and nodal 
status. These data will be reported in other publications (Peters GN, 
Vogel VG, Evans WP, Bondy M, Halabi S, Lord J, Laville EA, 
unpublished data; Vogel VG, Bondy M, Halabi S, Lord J, Laville EA, 
unpublished data). 

The hospitals, radiologists, offices, and mammography centers 
agreeing to these requirements were listed as participating facilities 
in the appropriate ACS and media publicity. 


Discussion 


The ACS guidelines for physical examination, breast self- 
examination, and mammography offer the potential of finding 
early breast cancers with a high cure rate. 

The study by the Health Insurance Plan of Greater New 
York and the Breast Cancer Detection Demonstration Project 
both showed mammography’s usefulness for early detection 
of breast cancer [2-4]. Controlled trials in Sweden [5, 6], the 
United Kingdom [7], the Netherlands [8, 9], and Italy [10] 
have shown a 20% or greater reduction in breast cancer 
mortality rates among screened women. Despite these en- 
couraging findings, in 1985 only 11% of primary care physi- 
cians followed the ACS guidelines for screening mammogra- 
phy. Major reasons for physicians’ disagreement with the 
ACS guidelines included high cost of mammography (reported 
by 39% of the physicians), lack of necessity when women are 
asymptomatic (29%), radiation exposure (25%), and low yield 
(16%) [11]. In 1986, only 5% of women more than 50 years 
old in the United States were having annual mammography, 
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and only one third of the eligible women ever had a single 
mammogram [12]. 

Both physicians and patients express concerns about the 
cost of screening mammography. Cost is among the most 
frequently cited reasons for not complying with mammogra- 
phy screening guidelines. Awareness is growing among radi- 
ologists that efforts to reduce the cost of screening mammog- 
raphy are necessary if compliance with screening recommen- 
dations is to be achieved [13]. 

A number of investigators have shown that screening 
mammography can be done in high volume and at lower cost 
than diagnostic mammography. It requires qualified radiolo- 
gists and technologists, a high daily volume of patients, low 
overhead, and a reduction in time spent by radiologists in 
reviewing films daily [14]. The mechanisms for initiating a low- 
cost screening center have been described [15, 16], and the 
ability of low-cost centers to provide acceptable results has 
been well documented [17, 18]. 

Few efforts have been made to provide low-cost screening 
mammography to entire populations. Population-based 
screening requires the participation of a large number of 
screening facilities. This raises concerns about radiation ex- 
posure, image quality, and film interpretation. The American 
College of Radiology has developed a mammography accred- 
itation procedure to facilitate production of optimal-quality 
mammograms with a high breast cancer detection rate [19]. 
This procedure includes a comprehensive questionnaire that 
establishes personnel qualifications and determines equip- 
ment specifications, quality assurance procedures, radiation 
dosages, and follow-up procedures. 

The evaluation process used in this project was not as 
rigorous as that of the ACR, nor did it provide certification or 
accreditation. Even though the task force included a Radiol- 
ogy Review Committee, it was thought to be inappropriate 
for this planning body to offer certification. It was also the 
sense of the committee that, although it could make recom- 
mendations and request additional data from prospective 
participants, it could not refuse to allow any facility to join the 
project. Only 27 (9%) of 306 facilities entered the project 
without undergoing formal review. That is, they did not meet 
all the suggested guidelines for participation. We do not have 
data on the performance of radiology facilities that did not 
participate in the project, but it is possible that the project 
evaluation process discouraged less-capable facilities from 
applying for participation. 

Radiologists from the screening centers that participated in 
TBSP had few complaints about the design of the project. 
Some centers faced scheduling difficulties in accommodating 
the increased demand, and scheduled screening as late as 3 
months after the media campaign. After the project, staff at 
these centers requested that future projects contain limited 
registration periods (e.g., 2 weeks) during which appoint- 
ments could be scheduled at reduced cost. Some centers 
also felt that the reporting requirements and paperwork re- 
quired for the American Cancer Society division office were 
burdensome. Future projects should attempt to keep the 
added reporting requirements to a minimum if media 
Campaigns are to be repeated regularly. 

Although we have follow-up data on a large proportion of 
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the women with positive findings on mammograms from this 
project, we do not have information about the number or 
proportion of examinations that were false-negative. We did 
not have adequate resources to follow up the women with 
negative mammographic reports. Future population-based 
programs should attempt to implement methods to determine 
the false-negative rate. This may be possible in states with 
cancer incidence registries, but it will be difficult or impossible 
where registries do not exist. 

Future projects should use only two interpretations for 
mammograms, normal (negative) or abnormal (positive). This 
Classification scheme allows assessment of the work load 
and resultant costs associated with a project in that only 
those women with positive reports require additional investi- 
gations and procedures. Positive vs negative classification 
also permits comparisons among projects conducted in 
various screening locations where specific management of 
women with abnormal mammograms may differ. In TBSP, 
some participating centers interpreted the indeterminate cat- 
egory as including women who required additional views on 
subsequent mammograms, those who needed comparison of 
TBSP films with prior mammograms, and those women who 
had sonographic examinations. Other TBSP centers reported 
these women in the positive category. The two-category 
classification system avoids the ambivalence of an indeter- 
minate category in which there is great heterogeneity of the 
mammographic abnormalities that complicates comparisons 
of both screening outcomes and costs. 

Follow-up of population-based campaigns is essential to 
the evaluation of their effectiveness. The most convincing 
information to indicate screening efficacy is improvement in 
survival, and we do not yet have that data for TBSP. Time 
and cost considerations make it difficult to gather such infor- 
mation. In the absence of survival data, all population-based 
screening programs should collect data about the numbers 
of biopsies performed, the benign-to-malignant biopsy ratio, 
and the stage of the cancers detected. Data should be 
collected from participants and nonparticipants to determine 
the reasons for their participation status. 

Population-based mammography screening programs are 
effective mechanisms for increasing compliance with screen- 
ing mammography recommendations [20-22]. Adequate fol- 
low-up mechanisms should be included in the design of these 
projects so that their success can be adequately 
demonstrated. 
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The reader's attention is directed to the commentary on this article, which appears on the following pages. 


55 


Commentary 





Low-Cost Mass Screening for Breast Cancer with 
Mammography 


Edward A. Sickles! 


The articles in this issue of the journal by Warren Burhenne 
et al. [1] and Vogel et al. [2] describe large-scale efforts to 
bring low-cost mammography screening to substantial num- 
bers of women over wide geographic areas. Each of these 
projects succeeded admirably in achieving its goals. Readers 
interested in initiating or participating in such mass screening 
activities can learn a great deal from these articles about the 
complexity of planning that is required to ensure smooth 
operation. 

However, there is much more to be learned by contrasting 
the articles. By examining various differences in design be- 
tween the two projects (expertise of participating screeners, 
extent of quality assurance procedures, completeness of data 
collection methods), one can appreciate how such factors 
govern the scope, the character, and ultimately the results of 
a screening program. 


The Texas Breast Screening Project 


The designers of the Texas Breast Screening Project 
(TBSP) made the administrative decision to involve as many 
existing mammography facilities as could be encouraged to 
participate, at least in part because of their goal of attracting 
the largest possible number of asymptomatic women to a 
single screening examination. As a result, TBSP organizers 
developed well-intentioned but relatively lenient eligibility cri- 


teria for mammography facilities, principally limited to the 
successful completion of a detailed questionnaire. Fewer than 
5% of facilities were required to submit sample mammograms 
as an indicator of satisfactory breast positioning and image 
quality, almost 10% of facilities were allowed to participate 
simply by submitting a written claim that they were able to 
produce two-view mammography examinations at a dose of 
less than 1 rad, and for all facilities the radiologists’ and 
technologists’ required expertise was defined only as having 
“specific training in the production and interpretation of 
mammograms.” 

Furthermore, mammography facilities participating in the 
TBSP were not required to perform any ongoing quality 
assurance procedures, and the reporting of results was re- 
stricted to a superficial review of clinical outcomes, one much 
less stringent than recommended for the medical audit of an 
individual mammography screening practice [3, 4]. The deci- 
sion to limit the scope of these activities surely was made in 
part because of the very large number of participating facilities 
in the TBSP; more centralized control over mammography 
facilities would have required employment of a larger admin- 
istrative staff than was deemed practical. Another probable 
factor prompting this choice was the desire to recruit as many 
mammography facilities as possible, coupled with the percep- 
tion that some, perhaps many, facilities would decline to 
participate if quality control or reporting requirements were 
difficult to satisfy. 
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The British Columbia Mammography Screening Program 


Whereas the TBSP was organized to maximize recruitment 
for one-time screening, the British Columbia Mammography 
Screening Program (BCMSP) was set up to produce and 
convincingly demonstrate optimal clinical resu/ts for a low- 
cost high-volume operation, so that provincewide expansion 
of screening services would be funded. In my opinion, this 
outcome-oriented goal contributed to the attainment of clinical 
results that were superior to those achieved in Texas. The 
overall cancer detection rate in the BCMSP was greater than 
that in the TBSP (more true-positive interpretations), and this 
improved performance was accomplished despite a lower 
rate of abnormal screening interpretations (fewer false-posi- 
tive interpretations). Even more important, the cancers de- 
tected in the BCMSP had very highly favorable prognoses, 
similar to those reported in other successful screening pro- 
grams [3-7]. More than one fourth of screening-detected 
cancers were ductal carcinoma in situ, 60% of cancers were 
10 mm in size or smaller, only 12% were associated with 
axillary lymph node metastasis, 85% were classified as either 
stage 0 or stage 1, and 36% satisfied the Martin-Gallager 
criteria for minimal breast cancer [8]. Parallel data from the 
TBSP, as yet unpublished, indicate commendable clinical 
results. However, the tumor size, nodal status, and staging 
data for TBSP cancers are not as favorable as those detected 
in British Columbia (Vogel VG, personal communication). 

Basic to the success of the BCMSP were the twin admin- 
istrative decisions to begin screening at a single site and to 
establish rigorous centralized control over all screening op- 
erations. Also of considerable significance, interpretation of 
screening examinations was restricted to a small team of 
skilled radiologists; only five were chosen from almost 30 
applicants, a selection based at least in part on training and 
experience in screening (not diagnostic) mammography. In an 
effort to maximize ongoing interpretive excellence, each ra- 
diologist’s rates of abnormal interpretation and cancer detec- 
tion were assessed regularly. Furthermore, the performance 
standards established by these expert screeners are to be 
required of radiologists recruited to serve at future satellite 
screening sites. Because the BCMSP was started in a single 
location, it was relatively easy to develop and monitor effective 
record-keeping, quality assurance, follow-up, and other ad- 
ministrative activities. However, even more important to the 
full provincewide program is the plan for a central office to 
maintain responsibility for and complete control over these 
activities for all future screening sites. This should ensure 
consistency in operation and excellence in performance, at 
the same time achieving economies of scale. 

Although the BCMSP article describes very few quality 
assurance procedures, readers should not assume that oth- 
ers have been neglected. Quite the contrary, the BCMSP has 
an ongoing quality assurance program that equals those of 
most expert mammography practices in the United States. 
Indeed, on the basis of personal experience, | can attest to 
the routine production of high-quality mammographic images 
and careful review of their interpretation. 

Some readers may be confused by these statements in 
view of recent publicity concerning poor mammographic im- 
age quality and interpretation in the Canadian National Breast 
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Screening Study (NBSS) [9-12]. BCMSP images are of ex- 
cellent quality and clinical results are outstanding at least in 
part because (1) the British Columbia project started much 
more recently than the Canada-wide NBSS, after conventional 
screen-film mammographic imaging techniques had improved 
greatly [13], and (2) BCMSP designers learned many impor- 
tant lessons from the deficiencies of the NBSS [14]. 


Conclusions 


There are important clinical implications for the administra- 
tive choices made in establishing mammography mass- 
screening programs. Recruitment-oriented goals of programs 
like the TBSP take precedence in a clinical environment where 
one aims to introduce mammography screening to as many 
nonparticipating women as possible. However, in maximizing 
the accessibility of the procedure by recruiting very large 
numbers of existing mammography facilities, there may be 
loss of some control over the quality of mammography at 
individual facilities, as well as the ability to collect and thereby 
use (by feedback to screeners) the full spectrum of pertinent 
data on the clinical results of screening. The outcome-oriented 
goals of programs such as the BCMSP are of greatest 
importance when one aims to guarantee that high-level per- 
formance standards will be met and maintained. Such pro- 
grams require rigorous centralized control over screening 
activities, considerably more administrative effort, and to 
some degree a restriction in the number of screeners in order 
to achieve clinical excellence. 

Although there clearly was need for recruitment-oriented 
programs in 1987 when the TBSP took place, the mammog- 
raphy climate in the United States has matured considerably 
in the ensuing 5 years. Currently there is much more emphasis 
on quality assurance activities [15], and appropriately so. We 
now understand that increased use of mammography screen- 
ing is beneficial only if very high standards of practice are 
achieved [9, 12]. The future lies with outcome-oriented mass 
screening, such as that reported by the BCMSP. 

The current outcome-driven environment produces similar 
Clinical implications for individual mammography practices. 
Interpretation of mammography examinations by a select few 
expert screeners is preferable to interpretation by numerous 
general radiologists. Routine performance of a comprehensive 
array of quality assurance procedures is necessary to monitor 
the technical aspects of an imaging operation. And collection 
and analysis of outcome data are crucial to the demonstration 
of, and important in the maintenance of, ultimate clinical 
success. The following statement, which some have applied 
to mass screening programs [9, 12], should have equal 
validity for individual radiology practices: mammography 
screening should be done very well indeed, or perhaps it 
should not be done at all. 


REFERENCES 


1. Warren Burhenne LJ, Hislop TG, Burhenne HJ. The British Columbia 
Mammography Screening Program: evaluation of the first 15 months. AJR 
1992;158:45-49 

2. Vogel VG, Peters GN, Evans WP, et al. Design and conduct of a low-cost 


AJR:158, January 1992 


LOW-COST MASS MAMMOGRAPHY SCREENING ar 


mammography screening project: experience of the American Cancer 9. Kopans DB. The Canadian screening program: a different perspective 
Society, Texas Division. AJR 1992:158:51-54 (commentary). AJR 1990;155:748-749 
. Sickles EA, Ominsky SH, Sollitto RA, Galvin HB, Monticciolo DL. Medical 10. Baines CJ, McFarlane DV, Miller AB. The role of the reference radiologist: 
audit of a rapid-throughput mammography screening practice: methodol- estimates of inter-observer agreement and potential delay in cancer detec- 
ogy and results of 27,114 examinations. Radiology 1990;175:323-327 tion in the National Breast Screening Study. /nvest Radiol 1990;25: 
. Sickles EA. Quality assurance: how to audit your own mammography 971-976 
practice. Radiol Clin North Am 1992 (in press) 11. Editorial. Breast cancer screening in women under 50. Lancet 
. Fagerberg G, Baldetorp L, Grontoft O, Lundstrom B, Manson JC, Norden- 1991;337:1575-1576 
skjold B. Effects of repeated mammographic screening on breast cancer 12. Day NE, Duffy SW. Breast cancer screening in women under 50 (letter). 
Stage distribution. Acta Radio! 1985;24: 465-473 Lancet 1991;338:113-114 
. Tabar L, Duffy SW, Krusemo UB. Detection method, tumour size and node 13. Baines CJ, Miller AB, Kopans DB, et al. Canadian National Breast Screen- 
metastases in breast cancers diagnosed during a trial of breast cancer ing Study: assessment of technical quality by external review. AJR 
screening. Eur J Cancer Clin Oncol 1987;23:959-962 1990; 155:743-747 
. Tabar L, Fagerberg G, Duffy SW, Day NE, Gad A, Grontoft O. Update of 14. Miller AB, Baines CJ, Sickles EA. Canadian National Breast Screening 
the Swedish two-county program of mammographic screening for breast Study (letter). AJR 1990;155: 1133-1134 
cancer. Radiol Clin North Am 1992 (in press) 15. McLelland R, Hendrick RE, Zinninger MD, Wilcox PA. The American 


. Martin JE, Gallager HS. Mammographic diagnosis of minimal breast cancer. 
Cancer 1971;28:1519-1526 


American Roentgen Ray Society 
Residents’ Award Papers, 1992 


College of Radiology Mammography Accreditation Program. AJR 
1991;157:473-479 


The ARRS announces competition for the 1992 President's Award and two Executive Council Awards for the best 
papers concerning the clinical application of the radiologic sciences. 


Awards 


The winner of the President’s Award will receive a certificate and a $2000 prize. The winners of the two Executive 
Council Awards will each be given a certificate and a prize of $1000. The winners will be announced on March 16, 1992. 
Winning papers will be presented at the ARRS annual meeting at Marriott's Orlando World Center, Orlando, FL, May 
10-15, 1992. Winning papers will be submitted for early publication in the American Journal of Roentgenology. All other 
papers will be returned to the authors. 


Regulations 


Eligibility is limited to residents or fellows in radiology who have not yet completed 4 years of approved training in a 
radiologic discipline. A letter from the resident's department chairman attesting to this status must accompany the 
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Book Review 





Essentials of Nuclear Medicine Imaging, 3rd ed. By Fred A. Mettler, Jr., and Milton J. Guiberteau. Philadelphia: 


Saunders, 339 pp., 1991. $60 


As stated in the preface to the first edition, the authors have 
intended Essentials of Nuclear Medicine Imaging to be “an introduc- 
tory text and to provide the reader with basic competence in nuclear 
medicine imaging.” The third edition goes a long way toward fulfilling 
those goals and as such is an excellent starting text for residents in 
radiology or nuclear medicine or practicing clinicians who need an 
overview of the field. 

The book can be divided into three major sections. The first five 
chapters are devoted to physics and instrumentation. Four of these 
chapters remain relatively unchanged from those in the second edi- 
tion. A chapter on single-photon emission computed tomography 
(SPECT) has been added in the third edition. These chapters are 
concise and well written and approach nuclear medicine physics in a 
practical manner. The addition of the chapter on SPECT is particularly 
significant, as use of this technology is increasing. Relative minor 
shortcomings exist in the first section. First, it is difficult to find the 
doses and critical organs for some of the radiopharmaceuticals. A 
chart or appendix with this information would be useful. Second, a 
few scintigraphs of artifacts that might be alleviated by sound quality 
control would enhance the excellent chapter on basic quality control. 

The second section (chapters 6-13) is the bulk of the text and 
covers clinical applications. These chapters are well organized; each 
generally follows a similar format: anatomy and physiology, radio- 
pharmaceuticals and technique, normal studies, and Clinical applica- 
tions. This consistent format allows the reader to jump easily from 
one chapter to the next without having to be concerned with differ- 
ences in style. Images are generally of high quality, with abnormalities 
well shown. A possible exception is the cardiac section, where 
additional SPECT images would be useful. Although the book has at 


least one image for each clinical application, readers will want to refer 
to an atlas to view variations in presentation of disease, because the 
total number of cases is limited. Osteomyelitis is the only clinical area 
that is underrepresented. A more extensive discussion with appro- 
priate scintigraphs is needed to help sort through this sometimes 
confusing subject. 

The final chapter on legal requirements and radiation safety and 
the extensive appendix are a fitting close to this text. As with the 
previous sections, they are concise, well written, and pertinent. Of 
particular use are the appendixes. The appendix on characteristics 
of radionuclides offers a quick and easy reference to half-lives and 
major emissions. The appendix on sample techniques for nuclear 
imaging allows a quick, easy-to-access overview for the uninitiated 
before they enter a nuclear medicine laboratory. Finally, as many 
know, an index can make or break a book. Although this is less 
critical in a short text, the authors and publishers have compiled an 
excellent index. 

In summary, this book does an excellent job of fulfilling its roll as 
an introductory text. As such, | highly recommend it as the mainstay 
for beginning radiology and nuclear medicine residents. However, the 
authors did not mean this to be an exhaustive text, and readers 
should not be disappointed that additional texts or atlases in nuclear 
medicine will be needed. 


Thomas S. Keskey 
Manuel D. Cerqueira 
University of Washington 
Seattle, WA 98108 


59 


Commentary 


Colonic Contour Changes in Chronic Ulcerative Colitis: 
Reappraisal of Some Old Concepts 


Richard M. Gore’ 


Classic medical teaching holds that ulcerative colitis is 
primarily a mucosal inflammatory disease, whereas granu- 
lomatous colitis is a transmural inflammatory process. Al- 
though these principles are generally valid, they fail to provide 
a rational explanation for the colonic contour changes of 
chronic ulcerative colitis. For example, if ulcerative colitis is a 
mucosal disease, why does the colon become shortened? 
Why do the haustra disappear? Why does the lumen become 
narrowed? Why is the presacral space widened? This com- 
mentary will address each of these issues and in so doing 
attempt to bring a new perspective to old and familiar radio- 
graphic findings. 


Lumen Narrowing and Strictures 


The development of strictures in Crohn disease is the 
consequence of transmural cicatrization [1]. Fibrosis is not a 
feature of ulcerative colitis, yet strictures form in approxi- 
mately 10% of chronic cases [2]. Their pathogenesis reflects 
the dramatic mural changes that accompany the chronic 
phase of this disease. 

In chronic ulcerative colitis, there is marked hypertrophy of 
the muscularis mucosae, often by a factor of up to 40-fold 
(Fig. 1). The reason for this hypertrophy is poorly understood 
but may relate to chronic inflammation and diarrhea. Forceful 
contraction of this longitudinally oriented, hypertrophied mus- 
cular layer both shortens the colon and pulls the mucosa 
away from the muscularis propria, producing diffuse or seg- 


mental narrowing of the lumen [3]. This contraction is not 
abolished by glucagon and is found even in colonic specimens 
fixed in formalin. Additionally, the lamina propria is often 
thickened, with round cell infiltration and widening of the 
submucosa due to fat deposition, which further compromises 
lumen diameter [4, 5]. These changes are nicely depicted on 
cross-sectional imaging [6]. When axially scanned on CT, the 
colon has a “target” appearance (Fig. 2): the lumen is sur- 
rounded by a soft-tissue-density ring (mucosa, lamina propria, 
and muscularis mucosae), which is surrounded by a low- 
density ring (fatty infiltration of an enlarged submucosa), 
which in turn is surrounded by a soft-tissue-density ring 
(muscularis propria). The fact that the layers of the bowel wall 
are still organized and not transmurally affected by fibrosis 
accounts for the fact that, sonographically, the colon wall 
usually maintains its typical wall stratification in ulcerative 
colitis, while it is often lost in Crohn disease |7, 8]. 


Blunting and Lost Haustra 


In the course of ulcerative colitis, the haustral folds undergo 
two major changes: (1) early in the disease they are edema- 
tous and thickened; (2) with chronic disease they become 
blunted or may be completely lost [9]. This evolution of 
haustral changes can be understood by a brief review of 
haustral formation. 

At birth, colonic haustra are usually absent, which explains 
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Fig. 1.—Diagram depicts major pathologic features that cause changes 
of colonic contour in chronic ulcerative colitis. There is marked hypertrophy 
of muscularis mucosae, often by a factor of 40-fold. This muscle, oriented 
along long axis of colon, is chronically contracted even after IV glucagon 
administration and in formalin-impregnated specimens. This contraction 
shortens and narrows involved colon. Submucosa also enlarges and shows 
variable degrees of fatty infiltration, further narrowing lumen. Taeniae coli 
are relaxed, which abolishes haustral folds. 





Fig. 2.—Mural changes of chronic ulcerative colitis. CT scan obtained 
through pelvis shows characteristic target or ring sign of ulcerative proctitis 
with a thickened, low-density submucosa caused by fatty infiltration 
(curved arrow). Soft-tissue-density ring on lumen (L) side of submucosa 
represents thickened lamina propria and muscularis mucosae; ring on 
serosal side is muscularis propria. Widened presacral space (double 
arrow) is filled with abnormal fat that has higher than normal attenuation 
and increased number of lymph nodes. 


why it is difficult to differentiate colonic from small-bowel gas 
in neonates. As the colon grows, the circular muscle of the 
muscularis propria outgrows the longitudinal muscle, the taen- 
iae coli. This differential growth rate causes the taenia to 
“shorten” the colon in an accordionlike fashion, producing 
the saccular haustrations that usually are first seen by age 3 
[10]. 

Haustra are fixed anatomic landmarks in the proximal por- 
tion of the colon because the circular muscle is fused to the 
taeniae (Fig. 3). On the left side of the colon, haustra are 
created by active contraction of the taeniae. Consequently, 
there may normally be no haustra beyond the splenic flexure, 
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whereas loss of haustra in the proximal portion of the colon 
is always abnormal. In ulcerative colitis, the muscle tone of 
the taeniae is altered. In toxic megacolon, the muscularis 
propria is paralyzed [11], while in acute and chronic ulcerative 
colitis, relaxation of the taenia predominates for some un- 
known reason (Fig. 4). When the taeniae relax, the haustral 
pattern is abolished. With healing, the haustra may reappear 
as the taeniae regain tonus [9, 12]. 

It is interesting to note that similar findings are seen on 
radiographs in patients with cathartic colon [13]. Indeed, 
cathartic colon may simulate chronic, “burned out” ulcerative 
colitis radiographically and pathologically. Apparently, cathar- 
tics such as senna stimulate the submucosal plexus of 





Fig. 3.—Connections between taeniae (T) and circular muscle (CM) of 
muscularis propria of colon are responsible for formation of haustra. 
Longitudinal muscle fibers (Y) of taeniae turn at 90° angles and fuse with 
circular muscle layer (X). These cross-links provide a point for contraction, 
limiting formation of interhaustral clefts to zones between adjacent taeniae. 
(Reprinted with permission from Lineback [10].) 





Fig. 4.—Acute ulcerative colitis. Haustrations distal to hepatic flexure 
are absent. Taeniae are relaxed. Mucosa is granular and stippled, but 
colon is not shortened at this point because enlargement and contraction 
of muscularis mucosae have not yet developed at this early stage of 
disease. 
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Fig. 5.—Chronic ulcerative colitis with backwash ileitis. Colon is short- 
ened, tubular, ahaustral, and narrow. Muscularis mucosae is hypertrophied 
and chronically contracted. 


Meissner, which in turn stimulates the deeper intermuscular 
myenteric plexus. With prolonged laxative abuse, abnormal 
neural pathways regulating colonic motility are established, 
leading to neuromuscular incoordination. Perhaps similar 
events occur in ulcerative colitis. Pathologically, the mucosa 
is atrophic, the submucosa is thickened with fatty deposition, 
the circular and longitudinal muscles of the colon are minimally 
thinned, and the muscularis mucosae tends to be somewhat 
thickened in the cathartic colon, albeit not to the extent seen 
in chronic ulcerative colitis [14-16]. The return of haustra has 
been reported in cathartic colon as well [13]. These similarities 
testify to the limited number of responses the gut can make 
to a variety of traumas. 


Colonic Shortening 


The specific cause of colonic shortening in ulcerative colitis 
has not been described. In light of the facts that fibrosis is 
not a major feature of this disease, the muscularis propria is 
often thin and relaxed, and there is enlargement and contrac- 
tion of the longitudinally oriented muscularis mucosae, one 
can speculate that these changes of the muscularis mucosae 
account for the colonic shortening that occurs in conjunction 
with haustral loss and lumen narrowing (Fig. 5). 


Widened Presacral Space 


The presacral space is widened [17] in patients with chronic 
ulcerative colitis for two major reasons. First, the rectum is 
narrowed by the previously described mural changes. Sec- 
ond, there is proliferation, inflammation, and infiltration of 
perirectal fat. These changes are well documented on CT 
(Fig. 2) and correlate with the edematous adipose tissue and 
enlarged perirectal lymph nodes that are commonly observed 
at the time of abdominoperineal resection in patients with 
chronic ulcerative colitis [1]. 

Widening of the presacral space is not specific for ulcerative 
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colitis and can be seen in obesity, pelvic lipomatosis, pelvic 
carcinomatosis, radiation fibrosis, thrombosis of the inferior 
vena Cava, sacral and rectal tumors, Crohn disease, lympho- 
granuloma venereum, and other infectious colitides [18]. 


Conclusions 


Richard Marshak likened acute ulcerative colitis to a third- 
degree burn of the colon and Crohn colitis to a first-degree 
burn. Perhaps a second-degree burn more accurately de- 
scribes the mural and mucosal changes of chronic ulcerative 
colitis. The muscularis mucosae and taeniae coli play key 
roles in the colonic contour changes of chronic ulcerative 
colitis. It is interesting to recognize that contraction of the 
normally thin muscularis mucosae can produce the gracile, 
evanescent “feline esophagus” pattern, yet, when hypertro- 
phied, can lead to profound changes in colonic morphology. 
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Radiologic-Pathologic Conferences of the Massachusetts General Hospital 





Menétrier Disease 


William E. Palmer,’ Stephen M. Bloch, and Felix S. Chew 


The upper gastrointestinal series of a 31-year-old woman with 
chronic epigastric pain showed thickened, nodular, and irregular 
mucosal folds involving the gastric fundus, body, and antrum (Fig. 1). 
The esophagus and small bowel were normal. On CT scans, the 
enlarged rugae were seen projecting into the gastric lumen, but the 
gastric wall was otherwise normal in thickness. The serosal contour 
was smooth, and there was no surrounding adenopathy. Gastrec- 
tomy was performed. The gross specimen showed diffuse, cerebri- 
form, enlarged rugae, with folds measuring up to 1.5 cm in width. 
Histologic findings were a proliferation of surface epithelial cells with 
extensive, high-grade epithelial metaplasia and dysplasia. The final 
pathologic diagnosis was Ménétrier disease. 

Meénétrier disease is an uncommon, idiopathic, hypertrophic gas- 
tropathy characterized by hyperplasia of superficial mucosal epithelia 
[1]. Hyposecretion of acid and hypersecretion of mucus can lead to 
excessive protein loss, with hypoalbuminemia, peripheral edema, and 
malnutrition complicating severe cases. Menetrier originally noted a 
relationship between large rugae, increased mucus production, and 
gastric cancer. Although the hyperplastic epithelia may undergo 
metaplastic and dysplastic changes, transformation to adenocarci- 
noma is uncommon. 

The radiographic hallmark of Menetrier disease is the presence of 
giant rugae. Normal rugae measure less than 5 mm in width and are 
parallel to the long axis of the stomach. In Ménétrier disease, rugae 


become thick, contorted, and tortuous. Gastric involvement is most 
prominent along the greater curvature and usually is localized to the 
fundus and body but may be diffuse and include the antrum and 
cardia. During barium examination, enlarged, irregular folds simulate 
polypoid filling defects. Barium becomes trapped in the crypts be- 
tween the rugae and forms linear spicules perpendicular to the gastric 
contour. Hypoproteinemia may cause regular thickening of small- 
bowel folds. On CT scans, convoluted rugae distort the mucosal 
surface and project into the lumen of the stomach, but the serosal 
Surface remains smooth and the gastric wall between the rugae is 
normal or only mildly increased in thickness. 

The differential diagnosis includes Zollinger-Ellison syndrome, eo- 
sinophilic gastritis, amyloidosis, lymphoma, and infiltrative neoplasms 
that thicken gastric folds. Gastric varices usually involve the fundus 
and may simulate large rugae. Patients present in middle age and 
complain of chronic, nonspecific signs and symptoms including weight 
loss, epigastric pain, vomiting, and gastrointestinal bleeding. If phar- 
macologic therapy fails, total gastrectomy prevents protein loss and 
eliminates the potential for malignancy [1]. 
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Fig. 1.—Menetrier disease. 


A, Gastrointestinal series shows thick and tortuous rugae along greater curvature of stomach. 
B, Spot image of gastric fundus shows linear columns of barium (arrows) trapped between thickened rugae. 
C and D, CT scans show pedunculated rugae projecting into lumen from anterior gastric wall that is otherwise normal in thickness. 


E, Gross specimen shows enlarged, nodular, and convoluted rugae. 
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Case Report 





Intestinal Stricture Due to Lap-Belt Injury 


Eglal Shalaby-Rana,' Martin Eichelberger,? Benny Kerzner, and Sudesh Kapur‘ 


In motor vehicle accidents, the lap-type seat belt can result 
in blunt trauma to the abdomen. The prevalence of intestinal 
injury has increased with the use of lap-belt restraints, and 
these injuries are usually apparent immediately. We describe 
a Child with a lap-belt injury that resulted in intestinal stricture, 
which was manifested in a delayed fashion as partial small- 
bowel obstruction. This complication should be considered 
whenever a child who is restrained by a lap belt during a 
motor vehicle accident is injured. 


Case Report 


A 13-year-old girl wearing a lap belt was a passenger in an 
automobile involved in an accident. Although she had no abdominal 
pain, a band of ecchymosis was present on the anterior abdominal 
wall at the level of the seat belt. The patient was admitted to another 
hospital because of headache; findings on a CT scan of the brain 
were normal. She was discharged, but 1 week after the accident, 
episodes of bilious vomiting and abdominal pain occurred, which 
continued for 3 weeks. During this time, she had abdominal sonog- 
raphy, hepatobiliary scintigraphy, and an upper gastrointestinal se- 
ries; all the findings were normal. In addition, she had upper endos- 
copy, which showed possible bile reflux gastritis, for which she was 
treated. Four weeks after the injury, signs and symptoms persisted, 
and she was seen at our hospital. Plain abdominal radiographs 
showed partial obstruction of the small bowel. Barium examination 
of the small bowel showed a stricture in the mid jejunum, which 
caused a high-grade obstruction in the small bowel with moderate 
dilatation of proximal loops (Fig. 1A). No abscess or any other mass 
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was seen on CT scans. A laparotomy was performed, with resection 
of a segment of stenotic jejunum (Fig. 1B). Recovery was uneventful. 
Pathologic examination of the jejunum showed a stricture with trans- 
mural chronic inflammation and fibrosis. The adjacent mesentery was 
thickened with no mesenteric defect. At follow-up 3 months later, the 
patient had no abnormal signs or symptoms. 


Discussion 


During a motor vehicle accident, a lap belt may cause blunt 
trauma to the abdomen, with contusion or perforation of the 
bowel and a hematoma in the mesentery [1]. Mechanisms of 
injury include crushing of the intestine between the vertebrae 
and the anterior abdominal wall, sudden increase in intralu- 
minal pressure, and tangential tears at relatively fixed points 
along the bowel [2]. Most patients who have these injuries 
have signs and symptoms immediately after the accident. 
However, signs and symptoms due to an intestinal stricture 
occur a few weeks later. Stricture of the intestine after blunt 
abdominal trauma has been described [3, 4]; however, stric- 
ture associated specifically with lap belts has rarely been 
reported [3, 5, 6]. 

The pathophysiology of stricture formation due to trauma 
is probably ischemia of the bowel caused by mesenteric injury 
[3, 4]. Ischemia leads to infarction of the affected segment, 
which then heals by fibrosis, with subsequent narrowing of 
the lumen. Hematoma or perforation of the bowel may also 
compromise blood supply and result in stricture. This was 
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Fig. 1.— 13-year-old girl with lap-belt injury. 


A, Small-bowel barium examination shows a narrow stricture in jejunum (arrows) with proximal 


dilatation (arrowheads). 


B, Gross specimen of small bowel shows a fibrotic stricture (arrows). Bowel has been opened 


longitudinally. 


most likely the case in a second child we saw recently in 
whom an ileal stricture developed after a lap-belt injury in a 
motor vehicle accident (Fig. 2). During surgery, a perforation 
was seen in a stenotic segment of intestine. Pathologic ex- 
amination showed the perforation and mucosal ulceration, 
inflammation, and transmural fibrosis. 

Barium studies in two reported cases of an intestinal stric- 
ture caused by blunt abdominal trauma showed irregular 
mucosal folds and ulcerations, simulating Crohn disease [5, 
6]. In both our cases, the possibility of inflammatory bowel 
disease was excluded by the absence of granulomatous 
inflammation. In addition, no evidence was seen of a primary 
vasculitis as the cause of the stricture. 
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Fig. 2.—5-year-old boy with lap-belt injury. 
Small-bowel barium examination shows stricture 
in ileum (arrowheads) with proximal dilatation 
(solid arrow) and normal-caliber bowel distally 
(open arrows). 
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Sonography with Intraarterial 
Infusion of Carbon Dioxide 
Microbubbles (Sonographic 
Angiography): Value in Differential 
Diagnosis of Hepatic Tumors 





Differential diagnosis of small liver tumors is important, but is not always possible, 
even with angiography. To solve this problem, we introduced sonographic angiography, 
which combines sonography and angiography. The vascular pattern of a variety of 
hepatic nodules was evaluated with sonographic angiography, and the results were 
compared with those of conventional angiography. Sonographic angiography (sonog- 
raphy performed during intraarterial infusion of carbon dioxide microbubbles) was 
performed in 184 patients with a total of 222 hepatic nodules: 139 hepatocellular 
carcinomas, nine adenomatous hyperplasias, seven regenerative nodules, 21 heman- 
giomas, 33 metastases, seven lymphomas, one granuloma, and five focal nodular 
hyperplasias. Sonographic angiography detected a hypervascular pattern with periph- 
eral blood supply in cases of hepatocellular carcinoma (sensitivity, 90%; specificity, 
89%). Typical vascular patterns of adenomatous hyperplasia, hemangioma, metastasis, 
and focal nodular hyperplasia on sonographic angiography were hypovascularity (sen- 
sitivity, 100%; specificity, 91%), spotty pooling (sensitivity, 100%; specificity, 100%), 
peripheral hypervascularity (sensitivity, 64%; specificity, 100%), and a central arterial 
supply (sensitivity, 100%; specificity, 100%), respectively. The detectability of hyper- 
vascularity was greater with sonographic angiography than with conventional angiog- 
raphy in hepatocellular carcinoma, metastasis, and hemangioma. 

Our experience indicates that sonographic angiography depicts characteristic vas- 
cular features that reflect the vascular anatomy of specific types of hepatic tumors, and 
thus is useful in the differential diagnosis of these lesions. 
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The recent advances in several imaging techniques have led to improved detec- 
tion of small asymptomatic hepatic tumor nodules. Confirmation of the pathologic 
type of such nodules is important but is not always possible when the nodules are 
extremely small or do not have characteristic findings on conventional angiograms 
or histopathologic examinations. Several attempts have been made to improve the 
sensitivity of angiography in diagnosing hepatic tumors. These include digital 
subtraction angiography, infusion hepatic angiography [1], CT arteriography [2], 
and CT after intraarterial injection of iodized oil (Lipiodo!l CT) [3, 4]. Although those 
techniques improve sensitivity in detecting hypervascular nodules, they are still of 
limited value in the diagnosis of hypovascular lesions. Moreover, in hypovascular 
tumors, they do not provide diagnostic information about the specific histology of 
the lesions. 

In order to solve this problem, we studied the usefulness of sonographic 
angiography (Sonography with intraarterial infusion of carbon dioxide |CO2| micro- 
bubbles) in detecting tumor vascularity as an aid in the differential diagnosis of 
hepatic tumors. 


Materials and Methods 


From March 1989 to January 1991, sonographic angiography was performed in 184 
patients with 222 hepatic tumors: 139 hepatocellular carcinomas (HCCs), nine adenomatous 
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hyperplasias, seven regenerative nodules, 21 hemangiomas, 33 me- 
tastases (colorectal cancer 19; stomach cancer, five; pancreatic 
cancer, four; lung cancer, three; and breast cancer, two), seven 
lymphomas, one granuloma, and five focal nodular hyperplasias 
(FNHs). Of 118 patients with a total of 139 HCCs, 107 had liver 
cirrhosis and 11 had chronic hepatitis. All 184 patients were originally 
selected for the conventional angiographic examination because of 
the need for a differential diagnosis as well as for intraarterial therapy. 
The 222 hepatic nodules had been detected with conventional so- 
nography, and these sonographically visible nodules were included 
in this study. All hepatic nodules except seven hemangiomas were 
histologically proved (surgery, 82 nodules; biopsy under sonographic 
guidance, 133 nodules). Diagnosis of the seven hemangiomas was 
confirmed with MR, delayed °°"Tc-labeled RBC single-photon emis- 
sion CT (SPECT), angiography, and/or clinical follow-up of more than 
1 year. Of 222 hepatic tumors, 132 appeared hypoechoic, 28 ap- 
peared hyperechoic, and the remaining 62 had a mosaic pattern on 
unenhanced sonography. The size ranges of the 222 tumors are 
listed in Table 1. 

Sonographic angiography was performed by injecting microbub- 
bles of CO; through a 6.5-French preshaped hepatic catheter (Clinical 
Supply Co., Gifu, Japan) placed into the hepatic artery (either the 
proper, right, or left hepatic artery) after conventional superselective 
hepatic angiography, including infusion hepatic angiography [1]. Su- 
perselective infusion hepatic angiography was performed in 138 
patients with a total of 155 nodules after injection of 40-60 ml of 
iopamidol (Schering, Berlin) at a rate of 2-4 ml/sec. Digital subtraction 
angiography (Toshiba DFP 40A unit) was performed in 46 patients 
with a total of 67 nodules after injection of 10-20 ml of iopamidol at 
a rate of 2-4 ml/sec. CO» microbubbles were prepared by vigorously 
mixing by hand 10 ml of COz, 10 ml of heparinized normal saline, and 
5 ml of the patient's own blood. The patient's own blood was added 
to increase the surface tension of the bubbles so that microbubbles 
could be easily obtained. The microbubbles were injected at a rate 
of approximately 1-2 ml/sec, permitting the accurate evaluation of 
the CO; flow within the liver and nodule from the early arterial phase 
to the late phase. The total injection time ranged from 5 to 10 sec. 
The total volume injected was determined by monitoring sonographic 
images so that strong attenuation of the deeper liver parenchyma 
was not produced. The total volume injected ranged from 5 to 20 ml 
in each study. Oxygen was given to the patients during the sono- 
graphic angiographic procedure to enable them to hold their breath 
for along period, which permits a precise observation of the vascular 
pattern of the small nodule in the early arterial phase. A convex and/ 
or linear-array electronic scanner with a 3.5-MHz (n = 174) or 5.0- 
MHz (n = 48) transducer was used for the studies (SSD 650 model, 
Aloka, Tokyo). In all cases, dynamic images were recorded on a 
videotape recorder from before the injection of CO2 microbubbles 
until the bubbles were washed out from the liver parenchyma. The 
preparation of CO, microbubbles was quite easy and needed no 


TABLE 1: Histologic Varieties of Liver Nodules by Size 


——e 








Type of Lesion <1 cm 1-2cm 2-3cm >3cm Total 
Hepatocellular carcinoma 21 44 38 36 139 
Adenomatous hyperpla- 0 { 2 0 9 

sia 
Regenerative nodule 0 7 0 0 7 
Hemangioma 0 6 15 0 21 
Metastasis 0 8 21 4 33 
Lymphoma 0 0 5 2 7 
Granuloma 0 1 0 0 1 
Focal nodular hyperplasia 1 3 1 0 5 
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other solution used for conventional angiography. The total extra 
time needed for sonographic angiography usually was less than 10 
min except in cases of hemangioma. No special technique other than 
preparing CO» microbubbles was required. 

The total period of the procedure was Classified into three phases: 
early, middle, and late, depending on the degree of enhancement of 
the liver parenchyma with CO. microbubbles. The period until the 
surrounding liver parenchyma was filled with CO2 microbubbles was 
defined as the early phase, which lasted approximately 5-10 sec. 
The period the CO. microbubbles remained in the surrounding liver 
parenchyma was defined as the middle phase, which lasted approx- 
imately 10-60 sec after injection of CO2. The late phase was defined 
as the period when CO» was almost washed out from the liver 
parenchyma, which usually was 1-3 min after injection of CO2. The 
duration of each phase varied from case to case, depending on the 
placement of the catheter, total volume of CO2 injected, hepatic 
blood-flow velocity, and severity of liver disease. 

Two independent interpreters analyzed blindly the vascular pattern 
of each nodule by replaying the videotape without knowledge of the 
patient's history; other imaging results, including those of conven- 
tional angiography; or biopsy results. Most of the time the two 
interpreters agreed on the diagnosis of vascularity; however, in a few 
cases when the nodule was isovascular or hypovascular, a discrep- 
ancy arose between the interpreters. In these instances, the inter- 
preters reevaluated the case and came to a consensus. Still pictures 
of the sonographic angiograms were obtained every second for 10 
sec (early phase) and thereafter at various optimal times in the middle 
and late phases. 

Vascularity on both sonographic and conventional angiography 
was quantified by comparing tumor vascularity with the vascularity 
of the surrounding liver parenchyma. Quantification of the vascularity 
on sonographic and conventional angiography was done blindly with- 
out knowledge of the other angiographic result. Vascular findings on 
sonographic angiography were classified into three patterns, depend- 
ing on the tumor vascularity compared with the surrounding liver 
parenchyma: hypervascular, isovascular, and hypovascular. The hy- 
pervascular pattern was subclassified into four types: (1) a homoge- 
neous or mosaic pattern with peripheral arterial supply, (2) spotty 
pooling, (3) peripheral hypervascularity, and (4) central arterial supply 
with dense stain (Fig. 1). 

In order to evaluate diagnostic effectiveness, sonographic angiog- 
raphy was compared with conventional angiography, including infu- 
sion hepatic angiography (n = 143) or digital subtraction angiography 


Middle Late 


Plain Early 


| hypervascular pattern COz2 injection 
$ 


1) peripheral arterial supply 
— homogeneous pattern 


— mosaic pattern 
2) peripheral hypervascular 
3)spotty pooling 
4)central arterial supply 
Il isovascular pattern 


Il hypovascular pattern 





Fig. 1.—Vascular patterns seen on sonographic angiography of hepatic 
masses after intraarterial infusion of carbon dioxide (CO2) microbubbles. 
Vascularity was evaluated at three phases: early, middle, and late. 
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(n = 55). The vascular pattern of each hepatic tumor was specified, 
and sensitivity, specificity, and predictive values were determined. 

Side effects or complications caused by injection of CO2 microbub- 
bles were defined by whether or not there was a change in subjective 
symptoms, physical findings, or laboratory tests after sonographic 
angiography. Blood pressure, pulse rate, respiration, and temperature 
were monitored during the study period. 

The chi-square test was used for statistical analysis. A p value of 
less than .01 was considered statistically significant. 


Results 


Table 2 and Figure 1 summarize the vascular patterns of 
the 222 hepatic tumors in the 184 patients. No complications 
or abnormal changes in laboratory tests, including liver func- 
tion tests, associated with intraarterial injection of CO. were 
observed in any of the 184 patients in whom sonographic 
angiography was performed. 


Hepatocellular Carcinoma 


HCC had a hypervascular pattern (Figs. 2 and 3) in 90% 
(125/139), an isovascular pattern in 6% (9/139), and a hypo- 
vascular pattern in 4% (5/139) on sonographic angiography 
(Table 2). In contrast, 64% (61/96) of HCCs were hypervas- 
cular on infusion hepatic angiography and 74% (32/43) were 
hypervascular on digital subtraction angiography (Table 3). 
Forty-six nodules showed no abnormality on infusion hepatic 
angiography or digital subtraction angiography. Sensitivity of 
sonographic angiography for the detection of hypervascularity 
was superior to that of conventional angiography (p < .01). 

Forty-six (37%) of the 125 hypervascular HCCs had a 
mosaic hypervascular pattern on sonographic angiography, 
and the remaining 79 had a homogeneous hypervascular 
pattern. Tumor vessel, a neovascularization within the nodule 
that enhances in a linear pattern with CO» injection, was 
observed within the nodule in 90 (72%) of 125 hypervascular 
HCCs; the vascular direction was from the periphery to the 
center. An arterial tumor vessel was observed corresponding 
to the septum [5] within the nodule in the early arterial phase 
in 28 of 125 hypervascular HCCs. Eleven of 125 hypervas- 
cular HCCs showed hypervascularity only in the early and/or 
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middle phases and did not enhance in the late (capillary) 
phase. In 24 of 35 hypervascular HCCs in which tumor vessels 
were not detected, the vascular direction was from the pe- 
riphery to the center. The remaining 11 hypervascular HCCs 
showed simultaneous filling within the small nodule. A periph- 
eral hypoechoic layer (halo), which was observed in 91 of 125 
hypervascular HCCs, was not enhanced with CO, microbub- 
bles (Fig. 3). Pathologic examination revealed that eight of 
the nine isovascular HCCs and all five hypovascular HCCs 
were well differentiated (grade |) HCCs on the Edmondson- 
Steiner scale [6], whereas only eight of 125 hypervascular 
HCCs were grade |. 

The typical vascular pattern of HCCs was a peripheral or 
simultaneous arterial supply and a homogeneous or mosaic 


-hypervascular pattern (Figs. 2 and 3). Sensitivity and specific- 


ity of this finding were 90% (125/139) and 89% (74/83), 
respectively. Positive and negative predictive values of this 
finding were 93% (125/134) and 84% (74/88), respectively. 


Adenomatous Hyperplasia 


All nine nodules of adenomatous hyperplasia were hypo- 
vascular on sonographic angiography (Table 2, Fig. 4). Sen- 
sitivity and specificity of this finding were 100% (9/9) and 
91% (193/213), respectively. Positive and negative predictive 
values of this finding were 31% (9/29) and 100% (193/193), 
respectively. None of the lesions were identifiable on conven- 
tional angiography. 


Regenerative Nodule 


Four regenerative nodules were hypovascular on sono- 
graphic angiography and three were isovascular. No lesion 
was hypervascular on conventional angiography. 

When the hypovascular pattern is defined as a typical 
vascular pattern for regenerative nodule, the sensitivity and 
specificity of this finding were 57% (4/7) and 88% (190/215). 
respectively. Positive and negative predictive values of the 
hypovascular pattern for the diagnosis of regenerative nodule 
were 16% (4/25) and 98% (190/193), respectively. 


TABLE 2: Relation Between Arterial Vascular Pattern on Sonographic Angiography and Histologic Diagnosis 





Adenomatous 














Pattern fe. oo da o Hemangioma Metastasis Lymphoma Granuloma prr 
Hypervascular 
Peripheral arterial supply 129 0 0 0 7 2 0 0 
(mosaic or homoge- 
neous) 
Spotty pooling 0 0 0 21 0 0 0 
Peripheral hypervascu- 0 0 0 0 21 0 0 0 
larity 
Central arterial supply 0 0 0 0 0 0 0 5 
Isovascular 9 0 3 0 0 0 0 0 
Hypovascular 5 9 4 0 5 5 1 0 
Total 139 9 7 21 33 7 1 5 
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Hemangioma 


Hemangioma had an extremely characteristic vascular pat- 
tern: central hypovascularity with peripheral echogenic spots 
in the early arterial phase, gradually infiltrating to the center 
over time, and spotty pooling in the very late phase, lasting 
up to 30-60 min after injection (Fig. 5). The earliest time that 
this spotty pooling was observed was 2-3 min after injection. 
Sensitivity and specificity of this finding were both 100%, 
whereas the detection of hypervascularity with infusion he- 
patic angiography and digital subtraction angiography were 
88% (14/16) and 100% (5/5), respectively (Table 3). 

A cotton wool appearance was observed on conventional 
angiography in 90% (19/21); the specificity was 100%. 


Metastasis 


Sonographic angiography of hepatic metastases showed a 
hypovascular pattern in five cases (15%), a homogeneous 
hypervascular pattern in five (15%), a mosaic or inhomoge- 
neous hypervascular pattern in two (6%), and a peripheral 
hypervascular pattern in 21 (64%) (Fig. 6). The peripheral 
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Fig. 2.—Hepatocellular carcinoma. 

A, Conventional transverse sonogram shows 
hypoechoic lesion at left lateral segment of liver 
(arrow). 

B-D, Sonographic angiograms clearly show 
feeding artery (arrowheads), which runs adjacent 
to portal vein branch at 2 (B) and 4 (C) sec. Tumor 
vessels arising from periphery and infiltrating to 
center of tumor (arrows) are also seen at 2 and 4 
sec (early phase). Mosaic hypervascular pattern 
of tumor (arrow) is seen in middle phase (10 sec, 
D). 
E, Arterial phase of common hepatic arterio- 
gram shows hypervascular tumor in left lateral 
segment. 

F, Venous phase of angiography shows inho- 
mogeneous (mosaic) stain. 


hypervascular pattern was characteristic for metastasis; the 
specificity was 100% (189/189) (Table 2). Positive and nega- 
tive predictive values of this finding were 100% and 94%, 
respectively. In contrast, detection of hypervascularity in me- 
tastases was 63% (17/27) with infusion hepatic angiography 
and 67% (4/6) with digital subtraction angiography (Table 3). 
Sixteen nodules were hypervascular with a lucent center and 
five nodules showed a faint homogeneous hypervascular 
pattern. The detection rate of hypervascularity with sono- 
graphic angiography was superior to that with conventional 
angiography (p < .01). 


Lymphoma 


Five lymphomas were hypovascular on sonographic an- 
giography and two were homogeneously hypervascular. 


Granuloma 


The one granuloma in this series had a hypovascular pat- 
tern on sonographic angiography. 
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Fig. 3.—Hepatocellular carcinoma. 

A, Conventional intercostal sonogram shows hypoechoic tumor (arrow) with peripheral hypoechoic 
layer (halo). 

B-D, Sonographic angiograms at 2 (B), 4 (C), and 30 (D) sec show mosaic hypervascular pattern 
(arrows). Halo is not enhanced with carbon dioxide microbubbles (arrowheads). 

E, Resected specimen confirms nodule is hepatocellular carcinoma. Mosaic structure is evident. 
Hemorrhagic necrotic area within nodule corresponds to unenhanced area in C. 





TABLE 3: Detection of Hypervascularity with Sonographic and Conventional Angiography 





No. of Nodules Detected/Total No. (%) 





Imaging Method Hepatocellular Focal Nodular 


Carcinoma _ Hyperplasia 
Sonographic angiography 125/139 (90)? 28/33 (85)* 21/21 (100) 5/5 (100) 179/198 (90)° 
Conventional angiography 


Metastasis Hemangioma Total 














Hepatic infusion 61/96 (64) 17/27 (63) 14/16 (88) 4/4 (100) 96/143 (67) 
Digital subtraction 32/43 (74) 4/6 (67) 5/5 (100) 1/1 (100) 42/55 (76) 
Total 93/139 (67) 21/33 (64) 19/21 (90) 5/5 (100) 138/198 (70) 





* Statistically significant (p < .01) when compared with conventional angiography. 


Focal Nodular Hyperplasia Conventional angiography showed hypervascularity in all 
five nodules: however, a “spoke-wheel,” a characteristic find- 


FNH had an extremely characteristic vascular pattern: early ing in FNH, was seen in only one of five nodules. 


central hypervascular supply with centrifugal fill-in to the 
- periphery in the arterial phase and a uniform or lobulated 
dense stain in the parenchymal phase in all five cases studied 
(Fig. 7). Sensitivity and specificity of this finding were both The combined use of sonography and angiography in the 
100% [7]. detection of hepatic tumors was first reported by Matsuda 


Discussion 
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liver (arrow). 





PEJ . 


and Yabuuchi [8] in 1986. They used intraarterial injection of 
CO, microbubbles as a contrast agent for sonography, and 
named the procedure enhanced ultrasonography. They dis- 
covered that findings with this method are similar to the tumor 
stain obtained in the venous phase of angiography, and in 
addition, enhanced sonography is superior to angiography in 
the detection of small lesions. In the current study, several 
improvements in technique were achieved by modifying the 
procedure to observe the echogenicity of a nodule from the 
very beginning of the CO; injection until the time when CO, 
is washed out from the entire liver, instead of imaging in the 
late phase of the procedure only. Our method permits a more 
accurate analysis of the tumor-specific vascular hemody- 
namics (i.e., tissue characterization) of various hepatic tu- 
mors, especially FNH [7], hemangioma, HCC, and metastasis, 
as the early, middle, and late phases on sonographic angiog- 
raphy correspond to the arterial, capillary, and venous phases 
on conventional angiography, respectively [7]. 

Typically, HCC is seen angiographically as a hypervascular 
tumor [9]. However, conventional angiography often does not 
show hypervascularity in extremely small HCCs in a cirrhotic 
liver or in the left lateral segment, where lesions are masked 
by a nonspecific stain associated with cirrhosis or the verte- 
bral bone shadow [10-14]. In the current study, 32 additional 


Fig. 4.—Adenomatous hyperplasia. 
A, Conventional intercostal sonogram shows hypoechoic nodule at posterosuperior segment of 


B-D, Sonographic angiograms at 5 (B), 10 (C), and 20 (D) sec show hypovascular nodule (arrows). 
E, CT scan obtained during arterial portography shows portal perfusion within nodule (arrow), a 
typical finding of adenomatous hyperplasia. Diagnosis was confirmed by biopsy. 


HCCs were depicted as hypervascular when sonographic 
angiography was used in combination with conventional an- 
giography. This is because sonograms are sectional images, 
permitting much better resolution and contrast capabilities 
compared with the simply transmitted conventional angio- 
gram. Furthermore, when the vascularity of the nodule is 
exactly the same as that of the surrounding liver (isovascular 
nodule), or the nodule is hypovascular and small, the angio- 
graphic findings are normal. In contrast, the ability of sono- 
graphic angiography to show tumor vascularity as hypervas- 
cular, isovascular, or hypovascular compared with the sur- 
rounding liver is obviously 100% as long as the nodule is 
clearly shown on unenhanced sonographic images, because 
the changes in tumor echogenicity after CO2 injection can 
always be observed. 

In addition to showing accurate tumor vascularity, sono- 
graphic angiography is efficient in showing the characteristic 
vascular pattern of HCC, such as a mosaic vascular architec- 
ture (37%) and tumor vessels (72%), which have an arterial 
vascular supply moving from the periphery to the center in 
91%. The positive predictive value of these findings in diag- 
nosing HCC was significantly high (93%). Furthermore, when 
pretest probability (prevalence of disease in a cirrhotic liver) 
is taken into account, posttest probability [15] for this finding 
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Fig. 5.—Hemangioma. 

A, Conventional subcostal sonogram shows tiny hypoechoic nodule (arrow). 

B and C, Carbon dioxide microbubbles do not enter center of nodule in early phase at 1 (B) and 
2 (C) sec. 

D-F, Middle (30 sec, D), late (20 min, E), and very late (40 min, F) phases. Hypervascular pooling 
is evident (arrows). 

G, Angiogram confirms nodule is a hemangioma. 


Fig. 6.—Metastasis. 

A, Conventional sonogram shows hypoechoic nodule (arrow) in left lobe of liver of patient with 
colon cancer. 

B-E, Only peripheral region (arrows) of nodule enhances 2 (B), 4 (C), 6 (D), and 10 (E) sec after 
infusion of carbon dioxide microbubbles (peripheral hypervascular pattern). 

F, Resected specimen shows tumor is metastatic liver cancer with central necrosis. Viable cells 
are prominent at periphery of tumor. 
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of liver. 


(middle phase, E). 


becomes extremely high (i.e., when hypervascularity with 
peripheral arterial supply is seen in a cirrhotic liver, HCC is 
most likely). Additionally, continuous imaging with dynamic 
sonographic angiography showed 11 hypervascular HCCs 
that did not enhance in the late phase. These HCCs showed 
hypervascularity in the early and/or middle phases only. How- 
ever, the sensitivity in detecting tumor vascularity with sono- 
graphic angiography was so high partly because of our study 
design; the overall sensitivity would have been lower if sono- 
graphically invisible nodules had been included. Sonographic 
angiography was also efficient in detecting HCCs that were 
hypovascular or isovascular, those that are impossible to 
show with conventional angiography. Most of the hypovas- 
cular or isovascular nodules were well-differentiated HCC, a 
finding compatible with previous reports on angiographically 
undetected HCCs, which are often well differentiated [10-14], 
suggesting early-stage disease. 

The vascular feature of FNH on pathologic examination is 
a central arterial vascular supply with gradual filling of the 
nodule in a centrifugal direction [16]. Angiographic diagnosis 
of FNH is based on showing this spoke-wheel appearance 
[17]. However, it is quite difficult to show these findings on 
conventional angiography in small nodules. In our series, 
angiography failed to show the characteristic findings in four 


Fig. 7.—Focal nodular hyperplasia. 
A, Conventional sonogram shows a hypoechoic nodule (arrow), 0.8 cm in diameter, in right lobe 
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B-E, Sonographic angiograms show hyperechoic vessel branching from anterior branch of right 
hepatic artery (arrowheads) directly into center of nodule (arrows) at 1 and 2 sec (very early phase, 
B and C), gradually radiating to periphery at 3-4 sec (early phase, D), and filling nodule at 10 sec 


F, Cut surface of specimen shows central scar with dilated artery in center and radiating fibrous 
septa, typical findings of focal nodular hyperplasia. 


of five cases of FNH. In contrast, dynamic sonographic im- 
aging with intraarterial CO. injection clearly showed a central 
arterial supply in all five FNH nodules, and therefore was 
extremely useful in the confirmation of FNH. 

Sonographic angiographic findings in hemangioma also 
were characteristic. In the early arterial phase, CO2 microbub- 
bles did not reach the inside of the tumors; they gradually 
filled the tumors over a long period in the middle and late 
phases. Pooling of microbubbles was seen up to 30-60 min 
after injection. This finding was not observed in any other 
hepatic tumors, resulting in both positive and negative predic- 
tive values of 100%. It has already been established that 
blood-flow velocity within hemangiomas is extremely slow, 
and this vascular characteristic is pathognomonic for this 
tumor [18-20]. From a practical standpoint, observation for 
up to 20 min seems to be enough to make a definitive 
diagnosis of hemangioma. 

A peripheral hypervascular pattern was observed in metas- 
tases only, resulting in a positive predictive value of 100%. 
This finding is considered to correspond to the “hypervascular 
tumor with lucent center,” indicating central necrosis [21], 
which in our series was confirmed by histologic study of the 
resected specimen. However, as metastasis had a variety of 
vascular patterns on sonographic angiography, the sensitivity 
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of this finding is relatively low. Therefore, sonographic angiog- 
raphy is of limited value in differentiating metastases from 
other tumors when a peripheral hypervascular pattern is not 
seen. 

Microangiographic study of cadaveric liver has been used 
to show that adenomatous hyperplasia is a hypovascular 
nodule [22]. Sonographic angiography was extremely useful 
in showing this finding in adenomatous hyperplasias; how- 
ever, the positive predictive value was relatively low because 
a hypovascular pattern could be shown in HCC, regenerative 
nodule, metastasis, lymphoma, and granuloma. Therefore, 
differential diagnosis of regenerative nodule, lymphoma, and 
granuloma with sonographic angiography alone is difficult. 

The combined use of CT and arteriography (CT arteriog- 
raphy) [23] is superior to conventional angiography in detect- 
ing hepatic tumors [24, 25], and tissue characterization of 
small tumors is possible with CT arteriography because dy- 
namic changes in tumor density can be shown more accu- 
rately than with angiography [24, 25]. However, it is occa- 
sionally difficult to differentiate small hepatic nodules from 
opacification of peripheral vessels and uneven parenchymal 
stains [26]. In addition, CT arteriography seems to be inferior 
to sonographic angiography in showing precise hemody- 
namics, especially in the early arterial phase, which usually 
lasts only a few seconds in small tumors, because of the 
relatively long scanning time compared with the real-time 
scanning in sonographic angiography. Similarly, although CT 
during arterial portography is an extremely sensitive diagnos- 
tic tool for detecting small hepatic masses [26, 27], it is of 
limited value in the differential diagnosis of the tumors be- 
Cause tissue characterization of the tumor is impossible with 
this method. The roles of CT during arterial portography and 
sonographic angiography are completely different; thus, the 
combined use of CT during arterial portography and sono- 
graphic angiography will enhance both lesion detection and 
tissue characterization. Lipiodol CT also has been established 
as a sensitive tool in the detection of “hypervascular tumor” 
or daughter nodules of HCC [3, 4]. However, differential 
diagnosis of the tumor, especially hypovascular tumor, is not 
possible, and in addition, the method seems to be inferior to 
sonographic angiography because of its time-consuming fea- 
ture; it requires at least 1 week to obtain a high-quality Lipiodol 
CT image [3, 4] compared with the real-time capability of 
sonographic angiography. 

Although a percutaneous biopsy with sonographic guid- 
ance is a very useful procedure that will improve lesion 
specificity, angiography is still essential, not only for the 
differential diagnosis but also for treatment planning, such as 
transcatheter arterial embolization or intraarterial infusion 
chemotherapy if the nodule is malignant. Sonographic angiog- 
raphy is usually performed at the same time as conventional 
angiography to improve the lesion sensitivity and specificity 
of conventional angiography. In that sense, sonographic an- 
giography is a part of angiography, and can be regarded as 
progress in angiographic technique. Therefore, the patients 
in whom sonographic angiography should be used will be the 
same as those in whom angiography is used. If angiography 
is indicated for a patient with hepatic nodules, either for 
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diagnosis or treatment, sonographic angiography should be 
performed at the same time for improvement in lesion sensi- 
tivity and specificity. 

Dynamic sonographic imaging throughout a study, from the 
early to the late phases, was extremely useful in showing 
tumor-specific hemodynamics in hepatic tumors, especially in 
HCC, FNH, and hemangioma. Since dynamic observation of 
CO; flow is the key aspect of sonographic angiography, it is 
essential to observe dynamic images by using videotape 
recorder; it provides much more precise and confirmatory 
information than does a series of static images, which are 
shown in this article. In addition to the usefulness of sono- 
graphic angiography in the differential diagnosis of the hepatic 
tumors described here, the technique, which includes micro- 
bubble preparation, infusion, and sonographic scanning, is 
quite easy to perform. It takes negligible extra time (less than 
10 min), except in the case of hemangioma, when it is 
performed after conventional angiography. It requires only 
standard sonographic equipment, a videotape recorder, a CO2 
supplier, and standard angiographic instrumentation. Sono- 
graphic angiography should be combined with conventional 
angiography as a complementary tool when the definitive 
diagnosis of a tumor, previously detected with conventional 
sonography, is difficult to make with conventional angiogra- 
phy alone. 
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Case Report 





Splenic and Hepatic Peliosis: MR Findings 


Constance K. Maves,' Kathleen H. Caron,' George S. Bisset Il,’ and Rajni Agarwal? 


Peliosis is an unusual disorder characterized by multiple 
blood-filled spaces within the liver and, in some cases, the 
spleen [1, 2]. Previously associated with advanced tubercu- 
losis, the disease is being recognized more often in patients 
receiving long-term steroid therapy [3] and in those infected 
by the human immunodeficiency virus (HIV) [4]. We report 
the MR imaging findings in a patient with Fanconi anemia 
treated with androgenic steroids who had hepatic and splenic 
peliosis that resolved after cessation of steroid therapy. The 
MR findings were correlated with those on CT, sonography, 
and pathologic examinations. 


Case Report 


An asymptomatic 18-year-old woman in whom Fanconi anemia 
had been diagnosed when she was 8 years old was examined 
because of a 3-month history of thrombocytopenia and hepatosple- 
nomegaly of new onset. Current laboratory findings included elevated 
serum levels of liver enzymes (aspartate aminotransferase, 96 U/I; 
alanine aminotransferase, 473 U/l; y-glutamyl transferase, 415 U/l) 
and hyperbilirubinemia (total bilirubin, 8.4 mg/dl [144 umol/l]; conju- 
gated bilirubin, 5.4 mg/dl [92 «umol/l]). The patient had been treated 
with an androgenic steroid (Halotestin; Upjohn, Kalamazoo, MI) for 
10 years, since the diagnosis of Fanconi anemia was established, 
and she had been clinically well until now. 

An initial contrast-enhanced CT scan obtained by using a bolus 
technique showed hepatosplenomegaly with multiple small, low-at- 
tenuation lesions (0.3-1.0 cm in diameter) throughout the liver. The 
splenic parenchyma was normal. The diagnosis of peliosis hepatis 
was suspected, and treatment with Halotestin was discontinued. 
Because of increasing splenomegaly, a follow-up CT examination 
was performed 2.5 weeks later (Fig. 1A). Fewer of the previously 
noted small hepatic lesions were present. However, a new 2-cm 
nonenhancing lesion was noted in the medial segment of the left lobe 
of the liver. Furthermore, the enlarged spleen was diffusely involved, 
with small areas (<1 cm in diameter) of high and low attenuation not 
previously noted. Sonograms obtained before and after the second 
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CT examination showed a coarsely echogenic liver with small, subtle 
inhomogeneous areas of decreased echogenicity. MR imaging was 
performed 3 days after CT because of concern about possible 
development of hepatocellular carcinoma in the left lobe of the liver. 

The T2-weighted (SE 2000/80) MR image (obtained at 1.5 T) 
showed small foci of high signal intensity throughout the liver (Fig. 
1D). T1-weighted (SE 600/20) and proton density—weighted (SE 
2000/20) MR images showed only a fraction of the lesions (Figs. 1B 
and 1C). The larger lesion in the medial segment of the left hepatic 
lobe was bright on all sequences, compatible with subacute blood. 
The splenic lesions were vividly shown as small foci of high and low 
signal intensity, also best seen on the T2-weighted image. None of 
these lesions enhanced after administration of gadopentetate dime- 
glumine, but were apparent as low-signal foci within enhanced hepatic 
and splenic parenchyma. 

The patient's course was complicated by refractory thrombocyto- 
penia and possible splenic hemorrhage (shown by sonography). A 
splenectomy was subsequently performed. A biopsy sample of the 
liver was obtained during surgery. Both liver and spleen contained 
numerous large blood-filled cysts. Hepatic and splenic sinusoidal 
dilatation characteristic of the phlebectatic type of peliosis was veri- 
fied histologically. The suspected splenic hemorrhage was an infarct. 
Abdominal MR imaging and liver biopsy repeated 3 months later 
showed resolution of the peliotic lesions. 


Discussion 


Peliosis is an unusual disorder that most often involves the 
liver. This entity may affect other organs of the reticuloendo- 
thelial system also, including spleen and bone marrow [4]. In 
some patients, extrahepatic disease may dominate the clinica! 
picture. Previously associated with hematologic disorders and 
chronic wasting states, the disease is now being reported in 
patients receiving anabolic and other steroids [3, 5]. Recently, 
HIV-infected patients with this disorder also have been 
reported [4]. 

Pathologically, peliosis hepatis has been described as 
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blood-filled cavities within the liver [1]. Yanoff and Rawson 
[2] described two types of disease: parenchymal and phle- 
bectatic. Classification depended on whether the cysts were 
lined by hepatocytes or endothelial cells [2]. Other authors 
have been unable to support such a distinction [3]. Uncer- 
tainty remains as to the pathogenesis of this process. Etio- 
logic theories have implicated a toxic effect on the sinusoidal 
endothelium and primary hepatocellular necrosis [2, 5]. In the 
past, this disease was rarely suspected clinically but was 
detected incidentally during autopsy. Peliosis is now known 
to be associated with hepatocellular dysfunction, portal hy- 
pertension, and life-threatening hemorrhage due to rupture of 
a solid organ [5, 6]. Confirmation of the diagnosis is being 
sought when these complications arise in persons with pre- 
disposing conditions. This is particularly important with pa- 
tients receiving steroids, because peliosis may resolve after 
cessation of therapy [3, 5, 6]. Therefore, knowledge of the 
appearance of this disorder on various types of diagnostic 
images is essential. 

Earlier reports [6-8] recommended angiography or liver 
biopsy as diagnostic methods of choice. Two papers [6, 8] 
have described the CT appearance of this lesion. Most cases 
are characterized by small lesions 1 mm to 1 cm in diameter, 
with variable enhancement characteristics. Two reports [4, 6] 
have described lesions that became isodense after adminis- 
tration of IV contrast material. In our case, little if any enhance- 
ment was noted with bolus technique. The differential diag- 
nosis included peliosis hepatis and microabscesses. 

Few descriptions of sonographic findings have been pub- 
lished. Although subtle inhomogeneity in the liver was noted 
in this case, the hepatic disease was not visualized well 
enough to rely on sonography as a means of monitoring 
progression. Aside from the infarct, the splenic lesions could 
not be shown. Although we did not perform a scintigraphic 
study, others have reported no detectable abnormality with 
*°™T¢-sulfur colloid and gallium scanning [8]. 


Fig. 1.—A, Contrast-enhanced ab- 
dominal CT scan shows small, pre- 
dominantly low-attenuation lesions 
throughout liver. Larger, 2-cm lesion in 
medial segment of left lobe (arrow) had 
not been present 2.5 weeks earlier. 
Note inhomogeneity in enlarged 
spleen. 

B-D, T1-weighted (SE 600/20, B) 
and proton density-weighted (SE 
2000/20, C) MR images show fewer 
lesions. Dominant lesion (arrows, B-D) 
within medial segment of left hepatic 
lobe has signal characteristics of sub- 
acute blood on all images. T2-weighted 
(SE 2000/80) axial MR image (D) shows 
high-signal lesions throughout liver and 
lesions of mixed signal intensity in 
spleen. 


To our knowledge, the appearance of peliosis hepatis on 
MR images has not been described in the literature. In this 
patient, the multiple hepatic foci of increased signal on T2- 
weighted images had variable signal on T1- and proton den- 
sity-weighted images, presumably reflecting various stages 
of subacute hemorrhage. Similarly, the mixed T2 signal in the 
more recent splenic lesions is attributed to the presence of 
deoxyhemoglobin and methemoglobin. The blood-filled 
spaces found in the spleen at pathologic study correlated well 
with those shown by MR imaging of the surgically resected 
spleen. 

Several authors have noted resolution of peliosis hepatis 
after cessation of steroid therapy [3, 5, 6]. Recovery in this 
patient was suggested by normal MR findings 4 months after 
treatment with Halotestin was discontinued. Healing was 
confirmed by liver biopsy. Resolution of the MR signal abnor- 
malities is attributed to phagocytosis of blood products by 
the reticuloendothelial system. MR imaging may be a reliable 
means of monitoring the progression of this disease, partic- 
ularly in patients whose lesions are isodense on contrast- 
enhanced CT. 


REFERENCES 


1. Zak FG. Peliosis hepatis. Am J Patho/ 1950;26:1-15 

2. Yanoff M, Rawson AJ. Peliosis hepatis. Arch Pathol 1964:77:159-165 

3. Bagheri SA, Boyer JL. Peliosis hepatis associated with androgenic-anabolic 
Steroid therapy: a severe form of hepatic injury. Ann Intern Med 
1974;81:610-618 

4. Radin DR, Kanel GC. Peliosis hepatis in a patient with human immunode- 
ficiency virus infection. AJR 1991;156:91-92 

5. Ishak KG. Hepatic lesions caused by anabolic and contraceptive steroids. 
Semin Liver Dis 1981;1:116-128 

6. Herrera LO, Glassman Cl, Teixido RA, Oglesby JTI, Andrade EL, Rodrigue 
RB. Peliosis hepatis associated with cavernous hemangioma and hepato- 
carcinoma. Am Surg 1981;47:502-506 

7. Pliskin M. Peliosis hepatis. Radiology 1975;114:29-30 

8. Tsukamoto Y, Nakata H, Kimoto T, Noda T, Kuroda Y, Haratake J. CT 
and angiography of peliosis hepatis. AJR 1984;142:539-540 


77 


Case Report 





Intrahepatic Cholangiocarcinoma: MR Appearance 


Jennifer Hamrick-Turner,'* Patricia L. Abbitt,' and Pablo R. Ros’ 


Peripheral or intrahepatic cholangiocarcinoma is a primary 
adenocarcinoma of the liver that originates in a small bile 
duct. The tumor manifests as a focal mass, usually in or near 
the porta hepatis [1, 2]. Several reports of the radiologic 
findings of intrahepatic cholangiocarcinoma [2-5] and a report 
of the MR appearance of extrahepatic cholangiocarcinoma 
[6] have been published. However, no reports as yet have 
described the MR imaging appearance of intrahepatic cholan- 
giocarcinoma. We present the MR findings in one case. 


Case Report 


Abdominal CT, performed in a 72-year-old man after IV injection 
of 150 ml of 60% iothalamate meglumine, revealed a 10-cm mass in 
the liver, in the region of the porta hepatis and extending superiorly 
toward the hepatic veins (Fig. 1A). Serum levels of bilirubin, a- 
fetoprotein, and carcinoembryonic antigen were within normal limits. 
Subsequently, MR images were obtained with a Magnetom 1.0-T 
scanner (Siemens, Iselin, NJ). T1-weighted, long TR double-echo and 
gradient-echo images were obtained. In addition, T1-weighted images 
were obtained immediately and at 3, 5, and 8 min after IV injection 
of 10 ml of gadopentetate dimeglumine. 

On T1-weighted (450/15 [TR/TE]) images, the mass was hypoin- 
tense relative to liver. The double-echo (2000/45, 90) images showed 
increasing hyperintensity of the mass relative to liver (Fig. 1B). In 
addition, a central hypointensity that was not seen on the T1-weighted 
images or CT scans was noted on the double-echo sequence. The 
sequences obtained after IV administration of gadopentetate dime- 
glumine showed initial rim enhancement with progressive, concentric 
fill-in (Figs. 1C and 1D). This enhancement was moderate. Gradient- 
echo images (31/12, 15° flip angle) confirmed encasement but 





showed no thrombosis or invasion of the right hepatic and portal 
veins. 

A subsequent percutaneous biopsy was nondiagnostic, and an 
exploratory laparotomy was therefore performed. The tumor was 
found to be a moderately differentiated adenocarcinoma originating 
in the bile duct. 


Discussion 


Intrahepatic cholangiocarcinoma is a relatively uncommon 
tumor, although it represents 10% of primary liver tumors and 
is the second most common hepatic malignant neoplasm after 
hepatocellular carcinoma [1]. The average age of patients 
with intrahepatic cholangiocarcinoma ranges from 50 to 60 
years, with no strong sexual preponderance [1]. Because of 
its peripheral location relative to the common hepatic duct, 
the tumor rarely produces symptoms until late in its course 
[1]. AS a consequence, these patients may have abdominal 
pain, weight loss, or a palpable mass, but it is unusual for 
them to have jaundice at presentation [2]. The serum level of 
a-fetoprotein is occasionally elevated, and the serum level of 
carcinoembryonic antigen is elevated in 75% of these patients 
[1]. 

CT findings have previously been described as somewhat 
nonspecific. This tumor usually manifests as a low-attenuation 
homogeneous mass that may contain calcification [2, 4]. After 
IV administration of contrast material, these tumors may 
exhibit minimal peripheral enhancement [4]. It is unusual for 
them to invade the portal or hepatic venous system [2]. 
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The MR findings in intrahepatic cholangiocarcinoma have 
not been described. Dooms et al. [6] examined the MR 
appearance of cholangiocarcinoma involving the common bile 
and hepatic ducts and the bifurcation, as well as the cystic 
duct, and found a mixed appearance. Well-differentiated ad- 
enocarcinoma variants showed high signal intensity on T2- 
weighted images and scirrhous subtypes showed a signal 
intensity only slightly higher than that of liver [6]. Imaging 
after administration of gadopentetate dimeglumine was not 
performed. 

Our case suggests a possible characteristic MR appear- 
ance of intrahepatic cholangiocarcinoma. A central, irregular 
hypointense area was seen on the double-echo sequences, 
most prominent on T2-weighted images. Review of the radio- 
logic findings of another patient with intrahepatic cholangio- 
carcinoma showed a similar irregular central hypointensity on 
the double-echo sequence. Pathologically, it is known that 
these tumors frequently show dense fibrous tissue centrally 
[1, 2], which would suggest that the irregular hypointense 
area seen centrally in these two cases on T2-weighted images 
is due to the presence of central dense fibrosis or scar. 

The presence of central scars in primary liver tumors on 
MR images is not specific, and has been described for focal 
nodular hyperplasia, hepatocellular carcinoma, giant heman- 
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Fig. 1.—72-year-old man who was 
found to have a 10-cm mass in liver. 

A, Transverse CT scan of abdomen 
obtained after IV administration of con- 
trast material shows a homogeneous, 
hypodense 10-cm central mass with a 
lobulated contour. Peripheral enhance- 
ment is minimal. Right hepatic and por- 
tal veins are encased. 

B, Transverse T2-weighted (2000/ 
90) MR image shows mass is hyperin- 
tense relative to liver, with an irregular 
central area of hypointensity. 

C, Transverse T1-weighted (302/15) 
MR image obtained immediately after 
administration of contrast material 
shows moderate rim enhancement of 
mass. 

D, Transverse T1-weighted (302/ 15) 
MR image obtained 8 min after contrast 
administration shows progressive con- 
centric fill-in of mass, with a residual 
irregular area of central hypointensity. 
Also seen is a thin, hypointense rim 
Surrounding a portion of periphery of 
mass. 


gioma, and hepatic adenoma [7]. However, central scar is not 
usually seen in metastatic tumors [7], and this should help in 
further narrowing differential diagnostic possibilities. 

The hyperintense appearance of the more peripheral aspect 
of these tumors on T2-weighted images is nonspecific, and 
previous findings have suggested that the amount of intensity 
may be related to the degree of differentiation and/or the 
amount of scirrhous component [6]. 

The findings of progressive, concentric moderate enhance- 
ment, sparing the central area, suggest that the mass con- 
tains tissue with abundant interstitial space, in keeping with 
the known pathologic finding of a large amount of fibrous 
stroma seen in these tumors [1, 3]. To our knowledge, no 
other primary liver tumor to date has been described as 
showing progressive, concentric fill-in of these characteristics. 
Hemangiomas are well known to exhibit a pattern of concen- 
tric fill-in, but the more intense nature of the enhancement in 
hemangiomas readily differentiates this enhancement pattern 
from that of intrahepatic cholangiocarcinoma [8]. 

A thin, hypointense rim surrounded a portion of the tumor 
on the MR image obtained 8 min after IV contrast administra- 
tion. This finding may be related to minimal relative hypervas- 
cularity at the periphery of the tumor, as suggested by the 
CT findings of minimal postcontrast peripheral enhancement. 
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This slight hypervascularity and resultant increase in perfusion 
could result in a “wash-out” phenomenon on delayed images 
as a consequence of clearance of contrast material from this 
most peripheral thin rim of tissue. 

Gradient-echo imaging may be helpful in confirming patency 
of the portal and hepatic veins, which can be of additional 
help in differentiating this tumor from hepatocellular carcinoma 
[2]. 

The presence of a central scar suggests that the tumor is 
a primary liver tumor, and the enhancement pattern of mild to 
moderate enhancement and concentric and progressive fill-in 
with delayed imaging has not as yet been described for other 
primary liver tumors. We conclude that these MR findings 
may be characteristic of intrahepatic cholangiocarcinoma, 
although further MR imaging data are needed to confirm this 
possibility. The MR findings, along with CT, clinical, and 
laboratory results, may allow the radiologist to extensively 
narrow the diagnosis, if not to differentiate these tumors from 
other abnormalities. 
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Book Review 





CT of the Immunocompromised Host. Edited by Janet E. Kuhlman. New York: Churchill Livingstone, 194 pp., 


1991. $54 


This book reviews CT findings in various diseases related to 
underlying immunodeficiency. Although much of the book deals with 
AIDS, other causes of immunodeficiency (lymphoma, leukemia, im- 
munosuppressive or cytotoxic drugs) are discussed also. Seven 
chapters cover pulmonary, gastrointestinal, urologic, musculoskel- 
etal, and neurologic abnormalities. A clinical overview and five case 
studies also are included. 

The book is written clearly and succinctly. The organ-system 
approach is useful to the reader. The paper and printing are of good 
quality. Although the illustrations are grainy, most of the abnormalities 
are well labeled and easily seen. 

The book fulfills its intended purpose of discussing and illustrating 
the CT appearance of diseases affecting the immunocompromised 
host. A similar book is Radiology of AIDS, edited by Michael P. 


Federle, Alec J. Megibow, and David P. Naidich (Raven Press, 1988). 
The two books have approximately the same number of pages, but 
CT of the Immunocompromised Host has smaller pages and costs 
less than Radiology of AIDS ($54 vs $89). For those who want an in- 
depth textbook on AIDS that encompasses all imaging techniques, 
Radiology of AIDS is probably the better choice. However, for those 
who are interested in immunodeficiency in general and CT in partic- 
ular, CT of the Immunocompromised Host is a worthwhile book to 
read. 


Philip Goodman 
University of Texas Medical Branch 
Galveston, TX 77550-2780 
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Tiny Echogenic Foci in the Liver and Kidney in Patients 
with AIDS: Not Always Due to Disseminated Pneumocystis 


carinii 


Heather J. Bray,’ Vanindar J. Lail, and Peter L. Cooperberg® 


Extrapulmonary dissemination of Pneumocystis carinii can 
occur in patients with AIDS who are taking prophylactic 
aerosolized pentamidine [1-4]. Recent reports [5, 6] have 
described the sonographic appearance of multiple tiny, ech- 
ogenic foci throughout the liver, spleen and/or kidney as a 
characteristic feature of disseminated P. carinii infection. 

This report describes the sonographic findings in a patient 
with AIDS who had multiple tiny, echogenic foci in the liver 
and kidneys. The patient had had multiple needle biopsies of 
the liver, all of which showed Mycobacterium avium intracel- 
lulare (MAI) and no evidence of P. carinii. He was not being 
treated with prophylactic aerosolized pentamidine. 


Case Report 


A 35-year-old man with AIDS had deep venous thrombosis and 
pulmonary embolism. He had had prophylactic treatment with both 
azidothymidine and dideoxyinosine. Two previous episodes of P. 
carinii pneumonia had been treated with IV pentamidine. He was 
being treated with diaphenylsulfone and co-trimoxazole for acute P. 
carinii pneumonia and amikacin for a disseminated MAI infection that 
had been diagnosed on the basis of the results of biopsy of the bone 
marrow 1 month before presentation. Sonography showed multiple 
tiny, echogenic foci in the liver and scattered tiny, echogenic foci in 
the kidney (Fig. 1A). An unenhanced CT scan did not show calcifica- 
tions or any other abnormality in the liver, kidneys, or spleen. 
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Numerous sonographically guided core biopsies of the liver, using 
an 18-gauge Biopty gun (Bard, Mississauga, Ontario, Canada) re- 
vealed the presence of MAI (Fig. 1B). Several additional core biopsy 
specimens were obtained. These, too, confirmed disseminated MAI 
infection with no evidence of P. carinii. 


Discussion 


As the occurrence of AIDS continues to increase worldwide, 
it can be speculated that the number of disseminated oppor- 
tunistic infections also will continue to increase. Recognition 
of these infections is essential for the prompt institution of 
appropriate therapy. 

Two recent reports [5, 6] in the radiologic literature have 
described the sonographic findings in four cases of dissemi- 
nated P. carinii infection. These included multiple tiny, echo- 
genic foci in the liver, spleen, kidneys, pancreas, thyroid gland, 
and lymph nodes. We have seen two patients with AIDS who 
had similar echogenic foci in the liver, spleen, and kidneys 
that were proved by biopsy to be disseminated P. carinii 
infection (Fig. 2). 

Disseminated nontuberculous mycobacterial infection in pa- 
tients with AIDS is a more commonly recognized entity. A 
total of 2269 cases of disseminated mycobacterial infection 
were reported to the U.S. Centers for Disease Control be- 
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Fig. 1.—Disseminated Mycobacterium avium intracellulare (MAI) infection in a patient with AIDS. 

A, Sagittal sonogram shows multiple tiny, echogenic foci throughout liver and kidney. 

B, Photomicrograph of histologic specimen shows presence of MAI but no evidence of Pneumo- 
cystis carinii. 


tween 1981 and 1987, representing 5.5% of AIDS cases [7]. 
MAI was the causative organism in 96% of these cases. 
Despite the relative frequency of disseminated MAI infection, 
the radiologic literature has only one report [8] that describes 
the sonographic findings in parenchymal organs. The report 
describes focal areas of increased echogenicity involving the 
renal cortex and medulla. No sonographic abnormalities were 
noted in other organs. 

Prophylactic treatment with aerosolized pentamidine has 
been implicated as a factor in the apparent increase in the 
number of disseminated P. carinii infections [2-4]. The two 
patients with disseminated P. carinii infection whom we have 
seen had been treated prophylactically with aerosolized pen- 
tamidine. The patient with disseminated MAI infection de- 
scribed in this report had received IV pentamidine for P. carinii 
pneumonia. Although a history of treatment with aerosolized 
pentamidine may favor the diagnosis of disseminated P. carinii 
infection when the patient has multiple tiny, echogenic paren- 
chymal foci, disseminated MAI infection cannot be excluded, 
and confirmation by tissue biopsy should be obtained. 

It is interesting to speculate on the cause of tiny echogenic 
foci. They are obviously due to marked acoustic mismatches 
at the interface between liver parenchyma and tiny lesions. 
This is the appearance one would expect from tiny air bubbles 
or focal calcifications. However, the air bubbles are unlikely 
and CT scans do not show calcifications. We therefore must 
assume that the material making up the granulomas is suffi- 
ciently different from liver parenchyma to cause these echoes. 

The patient described here had multiple echogenic foci in 
the liver and kidneys, identical to those described in previous 
reports of disseminated P. carinii infection [5, 6]. Multiple 
biopsies of the liver revealed MAI infection and no P. carinii 


Fig. 2.—Sagittal sonogram shows similar mul- 
tiple tiny, echogenic foci (similar to those shown 
in Fig. 1A) in liver of patient with disseminated 
Pneumocystis carinii infection. 


organisms. We therefore conclude that the sonographic find- 
ing of multiple tiny parenchymal echogenic foci is nonspecific 
for disseminated P. carinii infection. Disseminated MAI infec- 
tion must be included in the differential diagnosis. A diagnosis, 
proved by biopsy of involved parenchymal structures or bone 
marrow, should be obtained before therapy is started. 
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Technical Note 





Percutaneous Drainage of Hydatid Cysts: Use of a New 
Cutting Device to Avoid Leakage 


Farhood Saremi' 


Hydatid disease occurs mostly in the tropics, but it is 
actually found worldwide [1, 2]. Despite dramatic growth and 
development of interventional radiology in the past decade, 
the few reports of percutaneous drainage of hydatid cysts 
have concerned drainage by means of the Seldinger method 
[3, 4]. 

Simple percutaneous catheter drainage via the Seldinger 
method is limited because of the risk of spillage of hydatid 
fluid around the puncture site. Persistence of laminated mem- 
branes and daughter cysts within the cyst interferes with 
complete shrinkage and increases the risk of secondary in- 
fections and local recurrence. In the procedure presented 
here, a new cutting device that can extract laminated mem- 
branes and all daughter cysts with little likelihood of fluid 
leakage is used. 


Materials and Methods 


After the diagnosis of hydatid cyst has been established radiolog- 
ically by CT and sonography, the patient is admitted to the hospital 
24 hr before the procedure. No premedication or prophylactic corti- 
costeroids are given. The morning after admission, diagnostic CT 
scans are obtained to determine the location of the cysts. After the 
cysts have been located, a metal marker is placed on the skin at the 
proposed puncture site. The best drainage route is via nondependent 
aspects of hydatid cysts; this minimizes the risk of fluid leakage. 
Although desirable, it is not always feasible to have the patient in this 
position. Anterior abdominal cysts are drained with the patient supine, 
and posterior cysts are drained with the patient prone. After the entry 
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point has been marked, the patient is transferred to a fluoroscopic 
unit and placed in the appropriate position. 

After routine preparation of the skin, and local anesthesia, a small 
incision is made and an assembled 7-French outer radiopaque Teflon 
catheter, 45-cm long with multiple side ports and an inner bevel-point 
stylet, is inserted into the hydatid cyst (Fig. 1A). Then the stylet is 
withdrawn, and a Tuohy-Borst adapter (Cook, Inc., Bloomington, IN) 
with a Luer-Lok is attached to the catheter. As much of the hydatid 
fluid as is possible is aspirated and replaced by 20% hypertonic saline 
or 0.5% silver nitrate. Five to 10 min should be allowed for the 
scolicidal agent to produce the desired effect. If the flow is intermit- 
tent, as in multivesicular cysts, some contrast material should be 
injected under fluoroscopic control. After intracystic location of the 
catheter is confirmed, a 0.038-in. (0.097 cm) Lunderquist Torque 
guidewire (Cook, Inc.) is advanced through the catheter. An assem- 
bled 12-French Teflon dilator, 30-cm long, is advanced over the 7- 
French catheter into the cyst. Under fluoroscopic guidance, the 7- 
French catheter and the 12-French dilator are slowly withdrawn over 
the guidewire while the outer metal sheath is kept at the skin level. 
The intracystic position of the cannula can be ascertained by drawing 
off fluid or by instilling contrast material and using fluoroscopic 
monitoring. Then the guidewire is replaced by a metal cutting device 
(Figs. 1B and 1C) that has two clefts, one near the distal tip and one 
against the side arm of the outer metal sheath. A coiled spring allows 
to-and-fro motion of the device while the outer cannula remains 
immobile. The metal pin prevents rotation and malalignment of the 
Cutting device during forward and backward motion (Fig. 1D). The 
metal Luer-Lok at the proximal end of the cutting device is fitted to a 
connecting tube that allows irrigation of a hydatid cyst with an 
appropriate scolicidal agent that runs through a narrow cannula along 
the side wall of the device. 
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Fig. 1.—A, Instruments used for percutaneous drainage of hydatid cyst. (1) Teflon 7-French catheter, 45 cm long, with multiple side ports tapered to 
0.038-in. (0.097 cm) guidewire. (2) Bevel-point stylet, 45 cm long. (3) 0.038-in. (0.097 cm) Lunderquist guidewire. (4) Tuohy-Borst adapter with stopcock. 
(5) 12-French dilator, 30 cm long. (6) Outer metal sheath (14-French), fits over dilator and cutting device. (7) Metal cutting device with two clefts. (8) 
Connecting tube with male and female Luer-Loks. (9) Endoscope that passes through outer sheath for inspection of cyst cavity. (10) 10-French pigtail 
catheter with connector and retention disk for long-term drainage. 

B, Close-up photograph of cutting instrument. 

C, Schematic cross-sectional views of outer metal sheath (top) and cutting device (bottom). (1) Metal Luer-Lok. (2) Coil spring over flushing cannula to 
enable to-and-fro motion of cutting device. (3) Metal pin to prevent rotation and malalignment of cutting device during motion. (4, 5) Nut and bolt for 
fixation of two instruments. (6) Washer. (7) Poxipol glue. (8) Irrigation cannula that passes along side wall of cutting device. (9) Distal cleft of outer sheath. 
(10) Side arm of outer sheath for connection to a suction machine. (11, 12) Distal and proximal clefts of cutting device. 

D, Schematic cross-sectional drawings of cutting instrument during to-and-fro motion show instrument in relaxed (top) and contracted (bottom) states. 


The side-arm fitting of the outer metal sheath is then connected to 
a high-power suction machine. Simultaneous aspiration and the to- 
and-fro motion of the cutting device will push the laminated mem- 
branes and daughter cysts against the distal cleft of the outer sheath 
and crush them into small fragments (Fig. 2). These fragments can 
be removed easily by aspiration. Complete extraction of all elements 
requires simultaneous aspiration and rotation of the drainage device 
along the side walls of the cyst. Irrigation of the cyst via the cutting 
device is also important during the extraction. The cutting device is 
then removed and replaced by an endoscope, allowing inspection of 
the pericystic cavity through the outer sheath. If any membrane or 
vesicle remains, the sheath is ntoved close to it, and aspiration is 
repeated. 

After the pericystic cavity has been fully evacuated, the guidewire 
is reinserted into the cyst under fluoroscopic guidance. The outer 


metal sheath is then removed, and a 10-French pigtail catheter is 
advanced over the guidewire into the cyst. The patient can be 
discharged from the hospital with the catheter in place. The catheter 
is kept in place until the cyst shrinks completely. The time for total 
obliteration, which may take several weeks, depends on the size of 
the residual pericystic cavity. 

Patients must be followed up for at least 2 years. Monthly sono- 
graphic examinations are recommended for 6 months. Then a control 
CT scan is obtained and followed by sonography every 6 months. 
CT scanning also is repeated each year. Results from in vitro exper- 
iments and nine clinical uses of the device for percutaneous drainage 
in the chest and abdomen proved the efficiency of the device. The 
patients had no immediate complications. No recurrence was seen 
during 2 years of follow-up. With the increasing number of patients, 
larger studies should be possible. 
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Fig. 2.—Laminated membranes and daughter cysts crushed into small 
fragments by cutting device. 


Discussion 


Although both the scope of and indications for interventional 
radiology have increased rapidly in the past 10-15 years, little 
attention has been given to percutaneous drainage of hydatid 
cysts. This is due mostly to potential hazards such as ana- 
phylactic reactions and peritoneal spreading of cystic contents 
[5]. Although fatal anaphylaxis has been reported, allergic 
reactions are not as common as once thought [4, 6]. Also in 
many reported cases [6], hydatid cysts have been intention- 
ally or inadvertently punctured without any complications. 

Simple drainage via the Seldinger method with an angio- 
graphic catheter is not suitable for hydatid cysts. The risk is 
high that hydatid fluid, which is under high pressure, will leak 
around the entry point when the guiding needle is removed 
over the guidewire and replaced with an angiographic cathe- 
ter. In the procedure presented here, an assembled angio- 
graphic catheter containing a 45-cm-long trocar is inserted 
into the cyst. Thus, the immediate hazard of spillage of hydatid 
fluid is negligible. Moreover, with simple drainage techniques, 
laminated membranes or daughter cysts cannot be removed. 
This increases the rate of infection and spillage of small 
daughter cysts into the biliary radicles. Persistence of lami- 
nated membranes and daughter cysts also interferes with 
shrinkage of the residual cavity, and parts of the laminated 
membranes can easily occlude the draining catheter. In mul- 
tivesicular cysts, it would be impossible to puncture all daugh- 
ter cysts and instill the scolicidal agent into each one sepa- 
rately. This increases the rate of local recurrence. 

This drainage device is designed to permit the evacuation 
of all elements of a hydatid cyst. The laminated membrane 
and all daughter cysts can be fragmented into small pieces 
and easily evacuated by a high-power suction apparatus in a 
few minutes. Cystoscopy at the time of drainage allows 
assessment of all residual fragments, so small daughter cysts 
attacned to the side walls of the pericystic cavity can be 
evacuated. 
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Accurate localization of the hydatid cyst before the proce- 
dure is critical to successful drainage. Although sonography 
is an accurate diagnostic procedure, CT is better for exact 
localization of hydatid cysts and for demonstration of the 
cysts’ position relative to other structures, especially the 
bowel loops, the peritoneal cavity, and the pleural space. In 
addition, the relation of scar tissues to hydatid cysts in 
patients who had had surgery before is best evaluated by 
CT. The risk of spillage is much lower when the needle is 
passed through the scar tissues. Although sonography is the 
easiest technique for guiding percutaneous drainage of ab- 
scesses and fluid collections in the abdominal cavity, it is not 
recommended for percutaneous access to hydatid cysts un- 
less combined with fluoroscopic observation. Flow of air into 
the cystic cavity after the cutting device is inserted and 
irrigation is started prevents further sonographic monitoring 
of the procedure. Moreover, contro! of the distal tip of the 
cutting device against the side walls of the opacified cavity 
can be monitored more precisely by fluoroscopic control. 

Diagnostic criteria for establishing the diagnosis of hydatid 
cyst on the basis of sonographic and CT findings are not 
always pathognomonic, particularly in univesicular and in- 
fected hydatid cysts [7, 8]. When hydatid cysts are infected, 
they lose their characteristic sonographic appearance and 
become diffusely hyperechoic; therefore, differentiation from 
other causes of abscess formation can be difficult [1]. In 
addition, the results of serologic tests are not always helpful, 
especially in endemic regions. The sensitivity of serologic 
tests varies between 60% and 100%, depending on the 
techniques used and the criteria established for positivity [2, 
4]. Diagnostic needle aspiration also has potential hazards. 
The procedure presented here seems to be suitable both for 
diagnosis (assessment of aspirated fluid) and treatment. 

Although surgical intervention remains the procedure of 
choice for treatment of hydatid cysts, percutaneous access 
to the parasite can be achieved in those patients who are not 
good candidates for surgery and certainly in those who have 
multivesicular or infected cysts. This procedure seems to be 
quite effective, and large hydatid cysts can be extracted in 
less than 1 hr. 
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Book Review 





Liver Imaging. Current Trends and New Techniques. Edited by Joseph T. Ferrucci and David D. Stark. Boston: 


Andover, 438 pp., 1990. $110 


Adapted from the proceedings of The International Symposium on 
Liver Imaging held in Boston in June of 1990, this textbook is a 
comprehensive and concise evaluation of current trends in the clini- 
cally demanding field of liver imaging. The editors have incorporated 
chapters from an international field of authorities in hepatic imaging 
and pathology to provide not only an all-encompassing look at state- 
of-the-art techniques for imaging hepatic disease but also a look into 
the future of such imaging. The book is organized into 15 sections 
and 48 chapters, with contributions from more than 50 authors. 
Beginning with an overview of the importance of hepatic imaging, 
principles of hepatic lesion detection, and imaging issues for the 
coming decade, it then provides a comprehensive review and com- 
parison of MR and CT of the liver. Current optimized liver scanning 
protocols and techniques are addressed, with sections dedicated to 
special MR and fast scanning techniques and specific chapters on 
liver imaging at high, low, and midfield strengths. The book then 
covers the problem of hepatic tissue characterization, with one sec- 
tion devoted to evaluation of primary and secondary malignant lesions 
and a following section dealing with benign lesions (specifically, 
cavernous hemangiomas). An excellent collection of chapters on 
staging of liver tumors for therapeutic intervention, covering principles 
of hepatic surgery, hepatic and portal venous anatomy, determination 
of resectability, and intraoperative sonography, is included in the next 
section, and this is followed by sections devoted to hepatic vascular 
diseases, spectroscopy, and diffuse liver diseases. The final four 
sections deal with selective and nonspecific contrast agents for liver 
MR. 

The chapters included in this book, for the most part, are short 
and concise summaries of current trends and techniques in hepatic 


imaging or recent insights into hepatic disease processes. Chapters 
written by and for radiologists are intermingled with contributions 
from biochemists, engineers, and physicists. References are gleaned 
from the current literature, with many as recent as the untouched 
stack of journals on the busy radiologist’s desk. As with all books 
with more than one author, the quality and style of the text vary; 
however, most of the text is quite readable, and the quality of the 
illustrations and line drawings is superb. 

This book is not meant to be an all-encompassing textbook of liver 
imaging or hepatic pathology. With the exception of a few short 
chapters on Doppler and intraoperative sonography and one article 
comparing *’"Tc-labeled RBC single-photon emission computed to- 
mography and MR for definitive diagnosis of hemangiomas, the book 
focuses on MR and CT almost exclusively and is most heavily 
weighted toward MR. Because of this emphasis, the book may have 
limited appeal for those radiologists without special expertise or 
interest in newer body imaging techniques. In addition, the chapters 
on spectroscopy, the design and development of contrast agents, 
and families of hepatobiliary MR contrast agents may hold only 
passing interest for general radiologists. Nevertheless, the book does 
provide a convenient summary of the current philosophy of hepatic 
imaging and would be a useful addition to the library of anyone with 
an interest in state-of-the-art abdominal and hepatic radiology. 


Randall M. Patten 

Rainier Medical Imaging Center 

University of Washington School of Medicine 
Seattle, WA 98195 
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Case Report 





Pleomorphic Pancreatic Sarcoma Mimicking Pancreatic 
Pseudocyst: CT Appearance 


J. Thomas Laverdiere,' Eric vanSonnenberg,'* Williamson B. Strum,’ and Gustavo G. R. Kuster‘ 


Fewer than 5% of pancreatic tumors are cystic [1, 2]; 
microcystic cystadenoma and macrocystic cystadenocarci- 
noma are the most common. The rarest cystic neoplasm is 
the primary pancreatic sarcoma, with approximately 25 cases 
having been documented [3-8]. We encountered a case of a 
pancreatic sarcoma that mimicked a pancreatic pseudocyst. 
Multiple operations and percutaneous drainage were under- 
taken mistakenly, because of the misimpression that the 
lesion was a pancreatic pseudocyst. 

Retrospective evaluation of the CT scans suggests features 
of pancreatic sarcoma rather than pseudocyst. The markedly 
shaggy and thickened wall without definable cysts on CT 
should exclude pancreatic pseudocyst and other cystic pan- 
creatic tumors. The tumor in this patient may be unique; no 
similar report of pleomorphic pancreatic sarcoma could be 
found. 


Case Report 


A 62-year-old woman had a cholecystectomy and was noted 
incidentally to have a presumed pseudocyst in the head and body of 
the pancreas. The pancreatic pseudocyst was assumed to be asso- 
ciated with gallstone pancreatitis, and no attempt was made to drain 
it surgically. She experienced an uneventful postcholecystectomy 
course and was discharged after 10 days. Two months later, the 
patient returned with epigastric and back pain. Sonograms (Fig. 1A) 
and CT scans (Figs. 1B and 1C) revealed a “pseudocyst.” She 


underwent surgery, during which a routine cystogastrostomy was 
performed. Postoperatively, the patient experienced persistent pain 
in the left posterior lumbar area. 

Follow-up CT scans and sonograms revealed recurrence of the 
pancreatic cyst with an enormous increase in size to approximately 
25 cm in diameter. Percutaneous needle aspiration was attempted. 
Four hundred milliliters of fluid was drained; hemorrhage occurred 
and this was complicated by hypotension. After treatment with three 
units of packed RBCs, she recovered. The amylase level in the cyst 
was 16 U/I. Follow-up CT and sonograms again revealed recurrence 
in the form of a large cavity with a thick irregular wall. The patient 
continued to experience periumbilical pain. ERCP showed normal 
pancreatic and biliary duct systems; the lesion did not communicate 
with the pancreatic duct. The patient had further surgery to create a 
Roux-en-Y cystojejunostomy. During surgery, the cyst was punc- 
tured with an 18-gauge needle and 250 ml of cloudy fluid was drained. 
Cultures showed that the fluid was sterile, and cytologic findings 
were normal. No biopsy of the cyst wall was done at this time. Two 
operative cystograms showed good communication between the cyst 
and the jejunal loop. Postoperative recovery was uneventful, and the 
patient was discharged. 

The patient did well for 6 months. She then returned with a 
persistent low-grade fever, shortness of breath during exertion, inter- 
mittent dry cough, and the acute onset of abdominal pain in the right 
lower quadrant. CT revealed an 8 x 7 cm cyst localized in the head 
and body of the pancreas. The cyst contained an air/fluid level, but 
orally administered contrast material did not opacify the collection. 
Additionally, a phlegmonous mass was present in the right lower 
quadrant of her abdomen. She had a fourth operation, during which 
an appendectomy and debridement with drainage of the abscess in 
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Fig. 1.—A, Transverse sonogram of pancreatic mass shows bilobed lesion is largely hypoechoic and margins are somewhat irregular. 
B, Unenhanced CT scan through midabdomen shows large low-density mass displacing stomach anteriorly. Wall of “cyst” is thick. 
C, Contrast-enhanced CT scan reveals markedly thick-walled and irregular low-density mass. Note extensive spiculated septa. 


the right lower quadrant were accomplished. An intraoperative jejun- 
ocystogram showed opacification of the cyst cavity with good com- 
munication between the cyst and the jejunal Roux-en-Y loop. 

Four months later, follow-up sonography revealed progression in 
the form of four cystic structures, ranging in diameter from 2.5 to 5.8 
cm. The patient remained asymptomatic until 8 months later, when 
she had malaise, back pain, and increasing abdominal girth. CT of 
the abdomen revealed the presence of a multiloculated, cystic mass 
in the upper abdomen with dense circumferential tissue within the 
mass that enhanced with IV contrast medium (Fig. 1C). 

The patient underwent a fifth operation, at which time the cystic 
mass now extended from the diaphragm caudally to the level of the 
umbilicus, and occupied the entire upper abdomen transversely; the 
mass extended up under the liver, and displaced the spleen cephalad. 
The cystic cavity was entered and was found to be filled with a soft 
polypoid mass that bled easily. Grossly, it had the appearance of a 
highly vascular tumor. A biopsy sample was obtained, and a prelimi- 
nary diagnosis of malignancy was made. The cyst was sutured to 
the posterior wall of the stomach for continued drainage. No attempt 
was made to remove the mass surgically. Diagnosis of a high-grade 
pleomorphic pancreatic sarcoma was established and confirmed by 
review of slides by the Armed Forces Institute of Pathology (AFIP). 
The patient was discharged on the 14th postoperative day. 

The patient was seen as an outpatient a month later, and she was 
doing remarkably well. She had a good appetite, no discomfort, the 
fullness in her abdomen had subsided, and she was gaining strength 
and weight. The patient was seen by a medical oncologist, who 
initiated chemotherapy consisting of doxorubicin 20 mg IV followed 
by IV dacarbazine 400 mg for 5 consecutive days. This treatment 
was begun 6 weeks after the operation and was tolerated well. After 
the second course of treatment 1 month later, she appeared weak 
and began losing weight. A CT scan of the abdomen showed a huge, 
intraabdominal, septated cystic mass that had progressed. There 
was evidence of a 7-cm metastasis in the left lobe of the liver. The 
patient died 1 year after the last surgical intervention. 


Discussion 


Several features make this case informative and instructive. 
First are the unusual and perhaps distinctive CT findings, 
which in retrospect may have been diagnostic or at least 


suggestive of neoplasm rather than pseudocyst. Second is 
the rarity of this type of pancreatic tumor and its prolonged 
clinical course in this patient. Third is the confusion between 
pancreatic tumor and pseudocyst diagnostically and the ther- 
apeutic implications. This constellation of confusing factors 
led to difficulty in diagnosis, inappropriate percutaneous treat- 
ment, lack of diagnosis at surgery, numerous operations, and 
even a major complication. 

Sarcoma of the pancreas is an extremely unusual lesion, 
accounting for fewer than 1% of pancreatic tumors. In 1968, 
Neibling [3] used multiple cross references and refuted prior 
reports of over 200 cases of primary sarcoma of the pancreas. 
He concluded that many of the reported cases were either 
lymphomas or had their primary source in an adjacent organ. 
He added that his case report seemed to be the 21st pub- 
lished. Since this time, only four additional cases [4-6] have 
been reported; one paper included two cases of fibro- 
sarcoma [4]. 

The histologic diagnosis in this case, pleomorphic pan- 
creatic sarcoma, may be unique. We have found no other 
case report with this specific diagnosis. Other sarcomas of 
the pancreas that have been reported include leio- 
myosarcoma, fibrosarcoma, carcinosarcoma, rhabdomyo- 
sarcoma, liposarcoma, hemangioendothelioma, malignant 
neurilemoma, malignant hemangiopericytoma, and malignant 
fibrous histiocytoma [7]. None has the specific appearance of 
the tumor in our patient. 

The CT appearance of this pancreatic sarcoma is that of a 
huge, well-defined mass that occupied much of the abdominal 
cavity. Although the tumor had a low-density center, the 
distinguishing feature was the peripheral, circumferential, 
thick, spiculated tissue that enhanced with IV administration 
of contrast medium. No pancreatic pseudocyst has been 
described with this appearance; the degree of wall thickness 
and spiculation would be remarkable for a cystic pancreatic 
neoplasm as well. The documented relentless growth of the 
tumor with the aforementioned internal contents on CT dem- 
onstrates the unusual nature of this lesion. 
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The differential diagnosis of a cystic pancreatic lesion 
includes pseudocyst, retention cyst, benign microcystic ade- 
noma, mucinous cystic neoplasm, papillary cystic tumor, cys- 
tic islet cell tumor, nontumoral cyst in association with poly- 
cystic disease or von Hippel-Lindau disease, vascular tumors 
(hemangioma, lymphangioma), cystic pancreatic or peripan- 
creatic lymph node metastasis from a primary cancer of the 
lung, ovary, or melanoma, and primary hydatid disease of the 
pancreas [1, 9]. The presence of a pseudocyst does not 
exclude the possibility of a coexisting malignant tumor of the 
pancreas [10]; pseudocysts occur in association with pan- 
creatic duct obstruction in 5-10% of malignant pancreatic 
neoplasms. From a management standpoint, CT, sonogra- 
phy, and endoscopic retrograde pancreatography play vital 
roles in differentiating between these unusual and compli- 
cated lesions [1]. 

Before CT, it was difficult to establish a preoperative diag- 
nosis of pancreatic sarcoma because definitive differentiation 
between a benign cyst and a sarcoma of the pancreas was 
impossible [8]. Currently, CT permits visualization of tumor 
nodularity, calcification, and vascularity, and classification of 
types of cysts, thereby aiding in the differentiation of cystic 
pancreatic masses. CT findings in our case were quite differ- 
ent and distinctive from prior reports of pancreatic tumors. 

This case report raises a vexing question of whether the 
diagnosis of pancreatic sarcoma could have been made ear- 
lier. The patient's ERCP showed a normal pancreatic and 
biliary duct system, and the cyst clearly did not communicate 
with the pancreatic duct system. Approximately 60% of pseu- 
docysts communicate with the pancreatic duct on ERCP, 
whereas cystic neoplasms rarely do [1, 11]. The fluid obtained 
from the drainage had normal cytologic findings and a low 
amylase level; the low amylase level makes pancreatic pseu- 
docyst a highly unlikely diagnosis. Intraoperative or percuta- 
neous biopsy of the wall of the cyst might have permitted an 
earlier diagnosis of pancreatic sarcoma. 

The CT appearance and evolution of a case such as this 
should raise the suspicion of tumor. In addition, the poor 
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response to percutaneous drainage should alert the physician 
to a potential problem, because percutaneous drainage 
achieves a cure in approximately 90% of pancreatic pseudo- 
cysts [12]. In conclusion, this case shows a distinctive CT 
appearance for an unusual pancreatic tumor. Awareness of 
the appearance might permit earlier diagnosis, improve the 
management, and enhance the chance for cure. 
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Hysterosalpingography. A Text and Atlas. By David J. Ott and Jamil A. Fayez. Baltimore: Urban & Schwarzenberg, 


130 pp., 1991. $69.50 


The authors’ intent in producing this volume was to update the 
technical approach to hysterosalpingography, place the technique in 
proper perspective in relation to newer imaging techniques, and 
emphasize its role in the evaluation of infertility. 

The book is divided into seven chapters. The first is the clinically 
oriented “Evaluation of the Infertile Couple,” which covers causes of 
infertility in both males and females; history and physical examination; 
and laboratory evaluation of semen and cervical mucus and endocrine 
parameters. Summary tables and incidence of various factors are 
included. The chapter on the technique of hysterosalpingography is 
a detailed, step-by-step description that includes specifics on equip- 
ment, contrast material, manipulations, and radiography. Chapters 
on normal anatomy, congenital abnormalities, abnormalities of the 
uterine body, and tubal and adnexal pathologic changes present the 
radiologic spectrum of normal and abnormal as defined by this 
technique. A chapter titled “General Diagnostic Principles” is actually 
a compendium of gamuts for various radiologic findings in hysteros- 
alpingography. Included, for example, are tables citing causes for 
endocervical filling defects, uterine irregularity, tubal nonfilling, and 
the like, along with examples of each finding. True to its atlas format, 
the book contains a generous number of hysterosalpingograms, a 
few sonograms and MR images, a fair number of line diagrams, and 
photographs of gross pathologic specimens and microscopic patho- 
logic changes. 

The literature of the past several years has been less than flooded 
with papers and books on hysterosalpingography. In the face of the 
newer technologies, this examination lacks the glitter of those using 
computer-driven hardware. The basic technique of hysterosalpingog- 
raphy has not changed dramatically in the past 20 years. However, 
for the assessment of tubal patency, endometrial synechiae, endo- 
metrial polyps, and the like, this method remains unsurpassed. 


The authors have produced a first-rate, updated view of hyster- 
osalpingography and its performance, interpretation, application, and 
significance. This is a temperate and even-handed approach to the 
subject, highlighting the value of the technique, particularly in the 
workup of infertility, while noting situations in which other diagnostic 
studies are more appropriate. The text is clear and uniform, and the 
radiographs are of superb quality, beautifully reproduced; the number 
and clarity of the radiographs serve admirably to fulfill the atlas 
function of the work. The detail (down to photographs of the instru- 
mentation) in the technique chapter is sufficient to provide a step-by- 
step how-to guide for the procedure itself. 

The references are not encyclopedic, perhaps reflecting the lack 
of articles on the subject in recent years. Frequent reference to the 
excellent volume by Winfield and Wentz (Diagnostic Imaging of Infer- 
tility, 1987) suggests that Hysterosalpingography: A Text and Atlas 
should more properly be considered a companion work rather than a 
competitive one. 

The combination of efforts of a radiologist and an obstetrician has 
produced a work that is radiologic with strong clinical underpinnings 
rather than the converse. As hysterosalpingography frequently is 
performed by the radiologist and the obstetrician working in concert, 
the basic understanding of the study provided by this book is essential 
to maintain the efficacy of the radiologist as a meaningful consultant 
rather than merely an extension of the fluoroscope. It can be read 
comfortably in two evenings and will serve as a ready reference in its 
role as an atlas. It is an excellent book, and | strongly recommend it 
to any radiologist involved in the performance and interpretation of 
hysterosalpingography. 
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Symptomatic Renal Obstruction or 
Urosepsis During Pregnancy: 
Treatment by Sonographically Guided 
Percutaneous Nephrostomy 





Seven pregnant women with symptomatic hydronephrosis had sonographically guided 
percutaneous nephrostomy for pyosepsis (five patients) or for pain with azotemia (two 
patients with renal transplants). Antibiotics had been ineffective in controlling pyosepsis 
in each patient; retrograde ureteral catheterization via cystoscopy was unsuccessful in 
one patient. After percutaneous nephrostomy, prompt clinical improvement was ob- 
served in all patients (i.e., sepsis was relieved and pain abated). Labor was not induced 
in any of the patients, and no adverse effects occurred to any fetus or mother. Eleven 
(eight percutaneous nephrostomy, three catheter exchanges) of the 12 procedures were 
done without conventional radiography and with sonographic guidance alone. After 
percutaneous nephrostomy, maneuvers to obtain a diagnosis and to treat the obstruction 
(if necessary) were delayed until after delivery. The causes of ureteral obstruction were 
calculi (four patients) and a gravid uterus (three patients). After delivery, stones were 
removed either percutaneously (one patient) or cystoscopically (two patients) or passed 
spontaneously (one patient); resolution of obstruction by the gravid uterus was proved 
by Whitaker test after delivery. 

Sonographically guided percutaneous nephrostomy is an effective and safe method 
to treat pregnant women who have symptomatic obstructive hydronephrosis associated 
with either pyosepsis or azotemia. The procedure is rapid, requires minimal anesthesia, 
has no radiation, and is safe for the fetus. The technique is a useful and perhaps 
preferable alternative to more invasive surgical therapy or retrograde stenting. 
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The diagnosis and the treatment of urinary obstruction during pregnancy are 
formidable challenges. Recent reports focusing on noninfected ureteral obstruction 
during pregnancy recommend retrograde passage of stents or fluoroscopically 
guided percutaneous nephrostomy [1-6]. These techniques have been effective, 
but each has disadvantages. Cystoscopic passage of stents may require spinal or 
general anesthesia and may induce labor. Ureteral catheterization via cystoscopy 
is technically more difficult with a gravid uterus than it is usually, and it may 
predispose to ascending pyelonephritis [3, 7]. The inherent drawback to fluoro- 
scopically guided percutaneous nephrostomy is exposure to radiation during 
pregnancy. 

We present a series of sonographically guided percutaneous nephrostomies in 
seven pregnant women. Pyosepsis and pain associated with dilatation of the 
urinary tract were treated successfully. Avoidance of the aforementioned disadvan- 
tages and the lack of complications suggest the usefulness of sonographically 
guided percutaneous nephrostomy in this clinical setting. The immediate improve- 
ment in five patients who were ill from pyosepsis was particularly dramatic. 


Materials and Methods 


Nine percutaneous nephrostomies and three tube exchanges were performed in seven 
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pregnant women. The women were 19-31 years old and had preg- 
nancies of 8-34 weeks’ duration at the time of percutaneous nephros- 
tomy. The main presenting problems (and indications for percuta- 
neous nephrostomy) included fever (temperature, 38.9-40.1°C) in 
five patients, pain in six patients, and elevated creatinine level (3.1 
and 4.0 mg/dl [270 and 350 umol/!]) in two patients; several patients 
had more than one indication. All patients with sepsis had ureteral 
Obstruction. Both patients with renal transplants had azotemia and 
pain. WBC counts were 11,400-21,800/,ul in the five febrile women. 
By sonography, all patients had moderate or severe hydronephrosis 
(2 to 4+) on the symptomatic side that was out of proportion to the 
contralateral side. The causes of obstruction were renal (one patient) 
or ureteral (three patients) calculi (stones on the right side in two 
patients and on the left in two patients) and extrinsic ureteral 
compression by the gravid uterus (three patients, all on the right 
side). The kidneys were native in five women and were transplants 
in two. 

Antibiotics were administered before percutaneous nephrostomy 
in the five patients with fever and were continued or changed after 
percutaneous nephrostomy, depending on culture and sensitivity 
reports. Antibiotics that were used included a variety of cephalo- 
sporins, ampicillin, and sulfa compounds in standard dosages. One 
patient with persistent sepsis had been treated for 10 days with 
ampicillin for a urinary tract infection caused by Proteus mirabilis 
before percutaneous nephrostomy. In one patient, an attempt at 
retrograde passage of a stent under fluoroscopy had been unsuc- 
cessful; there was associated extravasation of contrast material from 
the retrograde injection. Spontaneous uterine contractions and 
threatened labor resulted, but were controlled by tocolytic agents. 

Sonography was used to guide the percutaneous nephrostomy in 
each patient. It was the sole guidance method in six women having 
eight nephrostomies. A variety of commercially available sonographic 
units were used. Biopsy guide attachments were used for four 
nephrostomies and freehand real-time monitoring for five percuta- 
neous nephrostomy procedures. Limited fluoroscopy was used to 
assist one sonographically guided percutaneous nephrostomy. Pre- 
vious radiographic studies included abdominal plain films (six patients) 
and limited excretory urograms (four patients). The procedures were 
performed by various staff members. 

Patients undergoing percutaneous nephrostomy in a native kidney 
were placed in a prone oblique position with the affected side ele- 
vated. The two women with a transplant kidney had percutaneous 
nephrostomy via an anterior approach while supine. Insertion of a 
fine needle into the renal collecting system to aspirate urine for culture 
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preceded percutaneous nephrostomy in each patient. Standard 
Seldinger (five percutaneous nephrostomies) or trocar (four percuta- 
neous nephrostomies) technique was used for percutaneous ne- 
phrostomy. With Seldinger technique, either the 22-gauge removable 
hub needle system (Cook Inc., Bloomington, IN) (three cases) or an 
18-gauge needle (two cases) was placed initially, depending on the 
operator's preference. Pigtail catheters (7- or 8-French) (four non- 
locking, five locking) were inserted by these methods. With the trocar 
technique (four cases), 7- or 8-French single-lumen pigtail catheters 
were placed directly into the renal collecting system after localization 
with a 22-gauge needle. Standard 0.038-in. (0.096-cm) guidewires 
were used for the Seldinger procedures; no guidewires were used 
for trocar insertion. Medications were tailored for each patient and 
included, either alone or in combination, diazepam (2.5-5 mg), mid- 
azolam (1-2 mg), meperidine hydrochloride (50 mg), fentanyl (25-50 
ug), and local anesthesia with xylocaine (1%). Patients with infection 
were treated with antibiotics throughout the duration of 
catheterization. 


Results 


Percutaneous nephrostomy was successful in each patient, 
and signs and symptoms were relieved uniformly. Deferves- 
cence occurred on the first day after the procedure in all five 
women who had sepsis (Fig. 1). In the two patients with renal 
transplants who were not infected, sonography showed 
prompt resolution of hydronephrosis, and pain was relieved; 
the creatinine levels improved only modestly (4 to 2.2 and 3.1 
to 2.5 mg/dl [350 to 190 and 270 to 220 umol/|]). Undesirable 
uterine contractions or premature labor did not occur in any 
patient after percutaneous nephrostomy. In the one woman 
who had cystoscopy before percutaneous nephrostomy, 
threatened labor ceased promptly after percutaneous ne- 
phrostomy. Six women delivered healthy neonates, and one 
woman elected therapeutic abortion. 

Gross pus was recovered from the obstructed collecting 
system in two patients. Cultures were positive in five patients: 
Escherichia coli (four patients), Klebsiella (one patient), and 
Proteus (one patient); one patient had two organisms. 

The original percutaneous nephrostomy catheter remained 
in place for the remainder of the pregnancy (10-18 weeks) in 
five women. The catheters became dislodged in two women 


Fig. 1.—Successful sonographically guided 
percutaneous nephrostomy for acute pyosepsis 
(body temperature to 40°C) during pregnancy. 

A, 7-French catheter (cursors) is being in- 
serted by trocar technique into dilated collecting 
system. Fluoroscopy was not used. 

B, Collecting system is decompressed after 
removal of 30 mi of pus through catheter. Preg- 
nancy proceeded uneventfully, and a stone was 
extracted postpartum. 
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(2 and 7 weeks after placement) and were replaced by new 
percutaneous nephrostomies after unsuccessful attempts at 
tract recannulation. These cases occurred before the routine 
use of self-retaining catheters. One catheter was removed 3 
weeks after insertion, after a stone passed into the patient’s 
urine spontaneously. No urinoma, hematoma, or sepsis oc- 
curred as a complication of either percutaneous nephrostomy 
or tube dislodgment. 

After delivery, one patient with persistent stones had 
percutaneous tract dilatation with stone removal, and two 
patients had ureteroscopic stone removal. Spontaneous pas- 
sage of a stone occurred in one patient 11 days after percu- 
taneous nephrostomy. Three patients with presumed uterine 
compression of the ureter had postpartum Whitaker testing 
to ensure that no residual obstruction existed; these studies 
were performed between 2 and 4 weeks after delivery and 
the results were normal (Fig. 2). 


Discussion 


The success, safety, and ease of sonographically guided 
percutaneous nephrostomy suggest its usefulness as primary 
treatment of infected or noninfected symptomatic renal ob- 
struction during pregnancy. The procedure relieves the symp- 
toms and signs of obstruction and infection by allowing rapid 
drainage of obstructed urine and evacuation of pus from the 
collecting system. Relief of the acute problems and drainage 
of the collecting system allow the fetus to mature until term. 
Sonographically guided percutaneous nephrostomy does not 
require general or spinal anesthesia and does not expose the 
fetus or mother to radiation. The procedure usually lasts 10- 
20 min, with only minimal discomfort to the patient. Self- 
retention catheters are preferred to avoid catheter dislodg- 
ment when long-term drainage is anticipated. 

Although the causes of ureteral obstruction in pregnancy 
are relatively few, the uncertainties are several and are prob- 
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lematic. Is the hydronephrosis attributable to the well-known 
physiologic dilatation of pregnancy or is the obstruction po- 
tentially dangerous? Are the symptoms and signs caused by 
acute pyelonephritis or by another acute abdominal process 
unrelated to the pregnancy? Should a plain abdominal radio- 
graph and/or an excretory urogram be obtained? If obstruc- 
tion is present, is it due to a renal or ureteral stone, or is it 
due to an enlarged uterus? What should be the extent of 
treatment prepartum vs postpartum? Should therapy be con- 
servative or invasive; if invasive, how aggressive should the 
treatment be? In the face of these uncertainties and with the 
constraints imposed by pregnancy, guidelines for clinical man- 
agement are unclear, as is the optimal radiologic approach to 
these patients. 

Renal obstruction during pregnancy is potentially deleteri- 
ous to both the mother and fetus. The major risks are infec- 
tion, renal failure, urinary extravasation, urinoma formation, 
premature labor, renal rupture, and fetal death [5-12]. The 
causes of obstruction during pregnancy include stones, gravid 
uterus, ureteral stricture, pelvic tumor, congenital anomalies 
such as obstruction of the ureteropelvic junction, horseshoe 
kidney, pelvic kidney, and intraabdominal infection. 

Infected hydronephrosis may cause serious consequences. 
Women with calculi during pregnancy are more likely to have 
urinary tract infection, septicemia, and premature labor, es- 
pecially if spontaneous passage of stones does not occur 
[12-14]. When the obstruction is caused by an enlarged 
uterus, the right kidney is affected more commonly than the 
left; with calculi, neither side predominates [5, 7, 9, 12]. 

Sonographically guided percutaneous nephrostomy for 
pyonephrosis with urosepsis in pregnancy is particularly use- 
ful because it avoids the disadvantages of other treatment 
options. Anesthesia administered for surgery or cystoscopy 
can induce premature labor and may result in abortion. Both 
surgery and cystoscopy are more difficult in the presence of 
an enlarged gravid uterus [3, 7, 14], so the operative and 
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Fig. 2.—Sonographically guided percutaneous nephrostomy for pain and worsening renal failure in a pregnant woman with a renal transplant. 

A, Fine needle has been inserted into markedly hydronephrotic renal transplant. Note fetal parts adjacent to transplant. 

B, 7-French catheter was inserted without fluoroscopy by trocar technique. Catheter is coiled in dilated collecting system. 

C, Follow-up antegrade pyelogram and Whitaker test several weeks after delivery of a healthy neonate revealed no obstructing lesion, elevation of 
pressure, or pain on infusion. Obstruction presumably was due to enlarged uterus. 
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cystoscopic risks may not be trivial. Indeed, in one patient in 
our series, an attempt to place a stent cystoscopically induced 
uterine contractions; these eventually subsided after treat- 
ment with tocolytic agents. This complication notwithstand- 
ing, a report [2] of 12 patients treated successfully by cysto- 
scopic insertion of double J stents showed that retrograde 
catheterization can be an effective alternative to percutaneous 
nephrostomy [2]. However, several authors [15, 16] recom- 
mend that before any invasive percutaneous or retrograde 
maneuver be performed, if the uterus is the sole cause of 
obstruction, the position of the patient should be changed to 
move the enlarged uterus away from the ureters [16]. This 
approach seems prudent for the patient with pain. However, 
urgent decompression is indicated for pyosepsis. 

Regardless of the cause of the obstruction, it may be 
beneficial to delay definitive treatment until after delivery. A 
recent report [17] of three patients described the effective- 
ness of this two-stage strategy. Manipulation to remove 
stones or to dilate strictures during the pregnancy may en- 
danger the fetus and might require fluoroscopy. In patients 
with obstructing calculi, stone removal may be postponed 
until after delivery as long as the percutaneous nephrostomy 
continues to decompress the collecting system effectively. If 
the stone passes spontaneously, the catheter can be re- 
moved. Spontaneous passage of obstructing urinary calculi 
in pregnancy occurs in 54-78% of cases; passage of upper 
ureteral stones is less likely to occur as the pregnancy ma- 
tures, because the enlarging uterus tends to obstruct more 
with time [12, 16, 18, 19]. When extrinsic uterine compression 
is the cause of obstruction, percutaneous nephrostomy 
should provide definitive therapy. Once the gravid uterus has 
resumed its normal postpartum size, antegrade pyelography 
with Whitaker testing via the percutaneous nephrostomy is a 
simple method to prove absence of residual or unsuspected 
causes of obstruction. 

Because the combination of drainage and antibiotics suc- 
cessfully treats the pregnant woman with pyonephrosis what- 
ever the cause, it might be argued that no imaging study that 
uses radiation (plain abdominal radiography, excretory urog- 
raphy) is necessary during the pregnancy. In a pregnant 
woman with the telltale clinical picture of pyonephrosis (flank 
pain, ipsilateral hydronephrosis by sonography, fever, pyuria, 
and a failed response to antibiotics), immediate decompres- 
sion by sonographically guided percutaneous nephrostomy 
or retrograde stent placement is mandatory. A plain abdominal 
radiograph and one-shot urogram should be done only if the 
results will influence treatment. For example, the urologist 
might be less enthusiastic about retrograde placement of a 
stent if obstruction is due to a proximal ureteral stone, as 
stent placement is technically more difficult and might require 
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considerable fluoroscopy under these circumstances. Sono- 
graphically guided percutaneous nephrostomy effectively and 
safely solves the immediate clinical problem, and sets the 
stage for deferred and definitive postpartum therapy if that 
proves to be necessary. 
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MR Appearance of the Normal and 
Abnormal Vagina After 
Hysterectomy 





To define the MR appearance of the vagina after hysterectomy, we reviewed the MR 
examinations of 43 women who had undergone hysterectomy for a variety of benign 
and malignant indications. In eight of the patients, MR examinations showed a mass 
lesion involving the vagina. The masses included four recurrent primary gynecologic 
malignant neoplasms (one endometrial, one ovarian, and two cervical carcinomas) and 
four primary vaginal carcinomas. The remaining 35 patients had no evidence of vaginal 
disease. Of these 35 patients, the repaired vaginal apex, or vaginal cuff, was linear and 
smooth in appearance in 23 and partially obscured by surgical clip artifacts in seven. In 
the other five patients, the vaginal cuff had a nodular appearance that was indistinguish- 
able from a vaginal mass on T1-weighted images. However, the vagina had a normal 
appearance in these patients on T2-weighted images, on which the low-signal-intensity 
layer of vaginal smooth muscle could be distinguished from the bright outer layer of 
connective tissue. In patients with recurrent vaginal tumors, the tumor was relatively 
high in signal intensity on T2-weighted images and obliterated the low-signal-intensity 
vaginal muscularis. 

Our experience shows that the normal posthysterectomy vagina may have a nodular 
appearance on T 1-weighted images mimicking a vaginal mass. This appearance can be 
distinguished from that of a true vaginal mass on the basis of different signal intensity 
characteristics on T2-weighted images. 
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The vagina is a common site for recurrent gynecologic cancer after hysterectomy. 
This occurs most commonly with cervical carcinoma, but is also seen with endo- 
metrial and, rarely, ovarian cancer [1]. We evaluated the MR examinations of a 
series of patients who had undergone hysterectomy for a variety of benign and 
malignant disorders in order to define the MR appearance of the normal and 
abnormal vagina after hysterectomy. 


Materials and Methods 


We reviewed the MR examinations of 43 women 33-88 years old (mean, 47 years) who 
had had a hysterectomy. Patients were selected by reviewing all the radiologic reports of 
pelvic MR examinations performed at the Mallinckrodt Institute of Radiology between May 1, 
1987, and July 1, 1990. All patients reported to have had a hysterectomy were included in 
the study, regardless of the indication of MR imaging. Hysterectomies were performed for 
diverse reasons including cervical carcinoma (n = 14), endometrial carcinoma (n = 3), ovarian 
carcinoma (n = 1), colon carcinoma (n = 3), abnormal uterine bleeding (n = 5), uterine 
leiomyomas (n = 4), and endometriosis (n = 1). In the remaining 12 patients, the indication 
for hysterectomy was unavailable. The surgical approaches used for hysterectomy included 
total abdominal hysterectomy (five), total abdominal hysterectomy and salpingo-oophorec- 
tomy (eight), radical hysterectomy (nine), and supracervical hysterectomy (one). A record of 
the type of surgery performed was unavailable in 20 cases. 

Thirty-five patients had no evidence of vaginal disease on MR examinations. In the 
remaining eight patients, MR imaging showed focal tumors involving the vagina. The patho- 
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logic diagnosis of each of these lesions was confirmed by biopsy. 
Four patients had vaginal recurrence of a primary gynecologic malig- 
nant neoplasm, including cervical (two), endometrial (one), and ovar- 
ian (one) carcinoma. The remaining four patients had primary vaginal 
carcinoma. Two of these patients developed primary vaginal cancer 
after being treated with radical hysterectomy and radiation therapy 
for cervical carcinoma. The other two patients had no history of 
malignant disease or radiation therapy. A total of three patients with 
vaginal masses had radiation therapy before MR imaging. 

All patients were imaged with superconductive magnets (Magne- 
tom, Siemens Medical Systems, Iselin, NJ) at 0.5, 1.0, or 1.5 T. Two 
pulse sequences were used: 300-700/10-25 (TR/TE, T1 weighted) 
and 1500-3000/22-30,70-90 (proton density and T2 weighted). 
Gradient moment refocusing (or flow compensation) was used with 
all T2-weighted pulse sequences. Axial and sagittal images were 
acquired by using 128-256 phase-encoding steps and 256 frequency- 
encoding steps with a field of view of 37 x 37 cm in most cases. The 
image section widths were 5-10 mm with an interslice gap of 0-2.5 


mm. 

Analysis of the MR examinations included assessment of the 
appearance of the vaginal cuff (i.e., smooth contour vs nodular or 
bulging) and assessment of morphologic and/or signal intensity ab- 
normalities involving the vagina. When a vaginal mass was detected, 
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image analysis included measurement of the lesion and characteriza- 
tion of its MR signal intensity on T1- and T2-weighted images. 


Results 


MR images of patients without evidence of vaginal disease 
showed the vagina ending blindly at its apex (Fig. 1). The 
vaginal wall was uniformly low in signal intensity on T1- 
weighted images. A central area of high signal intensity cor- 
responding to vaginal epithelium and mucus was seen on T2- 
weighted images. The outer connective tissue layer of the 
vaginal wall containing the vascular plexus appeared on T2- 
weighted images as a distinct bright region surrounding the 
low-signal-intensity layer of vaginal smooth muscle (Fig. 1). 
T1-weighted images (Fig. 2A) showed the vaginal cuff as 
linear and smooth in 23 patients (66%) and partially obscured 
by surgical clip artifacts in seven (20%). The vaginal apex 
was nodular or bulging at the lateral fornices in five patients 
(14%). The vagina appeared normal in the latter group on T2- 
weighted images, which showed a clear distinction between 
the smooth muscle layer of the vaginal wall and the bright 


Fig. 1.—A-E, Transaxial (A-D) and sagittal 
(E) MR images of pelvis acquired at 1.0 T in a 
posthysterectomy patient. Transaxial images 
are through lower third (A and B) and mid (C and 
D) portions of vagina. Images are T1-weighted, 
700/15 (A and C), and T2-weighted, 2600/90 (B, 
D, and E). Distinction between low-signal-inten- 
sity vaginal smooth muscle (long arrows) and 
higher-signal-intensity mucosa (arrowheads) 
and outer layer of connective tissue (short open 
arrows) is clearly depicted on T2-weighted im- 
ages (B and E). Uterus is absent on sagittal view 


(E). 
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Fig. 2.—A, T1-weighted (700/15) MR image at 
1.0 T through vaginal cuff shows apparent nod- 
ularity of vaginal fornices (arrows). 

B, On T2-weighted (2600/90) MR image 
through same anatomic level as A, muscularis of 
vaginal cuff appears normal and is surrounded 
by bright connective tissue layer of vaginal wall. 
This patient had no history of malignancy and is 
presumed to have a normal vagina. 


Fig. 3.—A and B, Sagittal MR images (2500/ 
25) acquired at 1.5 T in a patient in whom recur- 
rent cervical carcinoma after hysterectomy was 
proved by biopsy. Mass (m), representing recur- 
rent tumor, involves proximal portion of vagina. 
Extensive pelvic lymphadenopathy (n) also is 
present. Arrows point to surgical clip artifacts. 


A 


outer layer of connective tissue (Fig. 2B). Of the five patients 
with a nodular appearance of the vaginal cuff on T1-weighted 
MR images, one had a history of cervical carcinoma and four 
had no history of malignancy. The patient with a history of 
cervical cancer had no clinical findings suggesting recurrence 
of the disease and had a normal pelvic examination within 2 
weeks of the MR study. These patients were presumed to 
have a normal posthysterectomy vagina. 

The vaginal tumors ranged from 3 to 8 cm in maximal 
diameter and were all of low signal intensity on T1-weighted 
images and of high signal intensity on T2-weighted images 
(Figs. 3-5). 


Discussion 


The MR features of the normal vagina can be correlated 
with its histology and anatomic structure [2]. The vaginal wall 
consists of three layers: the mucosa, the tunica muscularis, 
and an outer layer composed primarily of connective tissue 
[3]. The mucosa, which corresponds to the bright central 
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zone on T2-weighted images, is sensitive to hormonal stim- 
ulation. This zone is relatively thin before menarche and after 
menopause, and in patients with low estrogen levels after 
surgical removal of the ovaries [4]. The central zone is more 
prominent in women of reproductive age with normally func- 
tioning ovaries, particularly during the early proliferative and 
late secretory phases of the menstrual cycle [2]. The mus- 
cularis of the vaginal wall comprises smooth muscle inter- 
mixed with dense connective tissue and elastic fibers [3]. 
These tissues have low signal intensity on T1- and T2- 
weighted images. The outer connective tissue layer of the 
vaginal wall contains a prominent plexus of veins as well as 
the vaginal arteries and nerves [3]. The bright signal intensity 
of this layer on T2-weighted images presumably was due to 
gradient moment refocusing of spins from slowly flowing 
blood within the venous plexus. 

In an abdominal hysterectomy, the vagina is transected 
near its junction with the uterus and then repaired by a running 
suture placed around its apex. After removal of the uterus, 
the uterosacral ligaments are sutured to the posterior vaginal 
wall, thus providing support to the vagina [5]. The repaired 
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Fig. 4.—Transaxial (A and B) and sagittal (C) MR images acquired at 1.5 T of primary vaginal squamous cell carcinoma in proximal portion of vagina. 
A, On T1-weighted (680/17) image, region of vaginal cuff is prominent, but similar in appearance to normal posthysterectomy vaginal cuff. m = mass. 
B and C, Presence of vaginal mass (arrows) is confirmed on T2-weighted (2500/90) images. Mass of relatively high signal intensity is clearly delineated, 


and has obliterated low-signal-intensity muscularis of vaginal wall. 





Fig. 5.—Transaxial proton density-weighted (2500/25) MR image ac- 
quired at 1.0 T through level of lower vagina in a patient in whom primary 
vaginal carcinoma was proved by biopsy. Large mass (m) is seen replacing 
vagina and displacing urethra (arrows) away from rectum (r). 


vaginal apex is termed the vaginal cuff. In a radical hysterec- 
tomy, performed primarily for cervical carcinoma, the upper 
third of the vagina is removed along with the uterus, the 
parametrial, paracervical, and upper paravaginal tissues, and 
a wide block of lymphatic tissue [5]. A supracervical hyster- 
ectomy leaves the patient at risk for developing cervical 
cancer, and therefore is no longer performed. 

The variable appearance of the vaginal cuff on T1-weighted 
images after hysterectomy presents a potential pitfall when 
patients are evaluated for disease recurrence in this area. A 
significant proportion of patients in the present study without 
recurrent disease had vaginal fornices with a nodular appear- 
ance, which mimicked mass lesions on T1-weighted images. 
This observation can be explained as follows. All three layers 


of the vaginal wall appear low in signal intensity on T1- 
weighted images and generally cannot be differentiated. The 
vaginal fornices may appear nodular or bulbous because the 
outer connective tissue layer of the vaginal wall often has a 
somewhat irregular contour after hysterectomy. On T2- 
weighted images, the low-signal-intensity muscularis layer of 
the vaginal wall is clearly distinguished from the bright outer 
layer of connective tissue. Therefore, a normal vaginal cuff is 
confirmed by visualizing a smooth, low-signal-intensity mus- 
cularis on T2-weighted images, whereas tumor involving the 
vaginal cuff has relatively high signal intensity and obliterates 
the vaginal muscularis (Figs. 3 and 4). 

All the vaginal tumors in the present study were low in 
signal intensity on T1-weighted images and relatively bright 
on T2-weighted images. It has been previously shown that 
MR imaging is accurate in depicting metastatic involvement 
of the vagina and useful for staging primary vaginal carcinoma 
[6]. In patients who have had radiation therapy for cervical 
carcinoma, MR imaging has been shown to be useful in 
differentiating between radiation-induced fibrosis and recur- 
rent tumor [7, 8]. Fibrotic tissue, unlike tumor, has low signal 
intensity on T1- and T2-weighted images. However, inflam- 
mation and edema due to radiation therapy produce high 
signal intensity on T2-weighted images that may mimic the 
appearance of recurrent malignant tumor [7]. In addition, the 
vaginal wall has been shown to have diffuse increased signal 
intensity on T2-weighted images acutely after radiation ther- 
apy [9]. This may make the detection of subtle disease 
recurrence more difficult. This problem was avoided in the 
present study because patients were not imaged acutely after 
radiation therapy. 

No attempt was made in the present study to determine 
the sensitivity or specificity of MR imaging in detecting recur- 
rent pelvic disease after hysterectomy or to compare MR 
imaging with other imaging techniques in this setting. How- 
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ever, the excellent depiction of normal postoperative anatomy 
and recurrent disease after hysterectomy suggests that MR 
imaging may be useful in evaluating these patients. The 
precise role of MR imaging vis-a-vis other imaging techniques 
for determining the extent of recurrent gynecologic malignant 
neoplasms remains to be elucidated by further investigation. 
Familiarity with the variable MR appearance of the vaginal 
cuff and careful attention to vaginal signal intensity character- 
istics should help eliminate confusion in the MR evaluation of 
the female pelvis after hysterectomy. 
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Book Review 





MRI of the Extremities. An Anatomic Atlas. By Heung Sik Kang and Donald Resnick. Philadelphia: Saunders, 383 


pp., 1991. $145 


The goal of the authors of this superb text was “to demonstrate 
the anatomic information as necessary for correct interpretation of 
magnetic resonance images of the extremities.” In their brief intro- 
ductory remarks, the authors note that all previous atlases have been 
based on in vivo imaging of volunteers. This atlas differs as a result 
of meticulous imaging of cadaveric sections in which precise corre- 
lation was made between the anatomic features shown on MR 
Studies and photographs of the specimens. 

Fresh cadaveric specimens were frozen in anatomic position, 
embedded in paraffin, and then imaged with a 1.5-T magnet. Surface 
coils of appropriate size and configuration were used in all cases. 
Images were obtained in transverse, coronal, and sagittal planes at 
3- to 5-mm intervals at T1-weighting (600/20 [TR/TE]). After study 
by MR, the specimens were then sectioned with a band saw to 3- to 
5-mm slices and then correlated to the MR images. Unlike the 
specimens in many atlases, these are undistorted, and thus the 
images are of exceptionally high quality. 

The book consists of a brief introduction and seven chapters. The 
introduction describes the specifics of specimen preparation. The 
chapters that follow cover the shoulder, the elbow, the wrist and 
hand, the fingers, the hip, the knee, and the ankle and foot. For each 
section, the MR image is shown first, and the corresponding anatomic 
specimen is shown in full color either below on the same page or on 
the opposite page. In addition, each page contains a small line 
drawing that shows the exact location of the scan in relationship to 


the plane of imaging. The organization of each chapter follows a 
format to show each joint in coronal, transverse, and sagittal sections. 
The shoulder, the wrist, and the knee have additional images of 
specimens that were injected intraarticularly with a specially prepared 
gel to show the joint space. 

Each illustration is superb. The MR resolution and definition are 
excellent, and the anatomic structures are easily seen. Each illustra- 
tion is generously labeled. In some illustrations, this tends to produce 
a rather busy picture. However, it would be impossible to accomplish 
the goal that the authors intended without this labeling. 

One of the greatest values of any book is its immediate usefulness 
in daily practice. | referred to the book for guidance within hours after 
receiving the copy for review. | now use it on a daily basis for help in 
interpreting difficult MR studies of the joints. Drs. Kang and Resnick 
are to be congratulated for producing a book that is truly elegant. It 
will find immediate and extensive use in any practice in which a 
significant amount of musculoskeletal MR imaging is performed. | 
hope the authors are considering a companion volume on the re- 
mainder of the musculoskeletal system. 
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Chondromalacia Patellae: Diagnosis 
with MR Imaging 





Most previous studies of MR imaging for detection of chondromalacia have used T1- 
weighted images. We correlated findings on axial MR images of the knee with arthro- 
scopic findings to determine MR findings of chondromalacia patellae on T2-weighted 
and proton density-weighted images. The study population included 52 patients who 
had MR examination of the knee with a 1.5-T unit and subsequent arthroscopy, which 
documented chondromalacia patellae in 29 patients and normal Cartilage in 23. The 
patellar cartilage was assessed retrospectively for MR signal and contour characteris- 
tics. MR diagnosis based on the criteria of focal signal or focal contour abnormality on 
either the T2-weighted or proton density-weighted images yielded the highest correla- 
tion with the arthroscopic diagnosis of chondromalacia. When these criteria were used, 
patients with chondromalacia were detected with 86% sensitivity, 74% specificity, and 
81% accuracy. MR diagnosis based on T2-weighted images alone was more sensitive 
and accurate than was diagnosis based on proton density-weighted images alone. 

In conclusion, most patients with chondromalacia patellae have focal signal or focal 
contour defects in the patellar cartilage on T2-weighted MR images. These findings are 
absent in most patients with arthroscopically normal Cartilage. 
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Chondromalacia patellae describes the pathologic finding of patellar cartilage 
degeneration [1, 2]. It is one of the most common causes of knee pain in 
adolescents and young adults, and patellar cartilage abnormalities are common in 
older adults [2, 3]. The relationship of cartilage injury in younger patients to 
patellofemoral arthritis, typically encountered in older patients, is controversial: 
however, in both age groups, cartilage defects can cause patellofemoral pain [1, 
2]. Because the clinical symptoms and signs for diagnosis of chondromalacia 
patellae are nonspecific and findings on radiographs are normal until advanced 
Stages of the disease, diagnosis often can be confirmed only by arthroscopy or 
surgery with direct visualization of the patellar cartilage [4, 5]. MR imaging has 
proved useful in evaluating cartilage abnormalities [6-12] and may provide an 
accurate method of assessing the patellar cartilage noninvasively. In this study, we 
correlated findings on T2-weighted and proton density—weighted axial MR images 
of the knee with arthroscopic findings to determine the MR findings in patients with 
chondromalacia patellae. 


Materials and Methods 


Fifty-two patients (40 males and 12 females; mean age, 39 years; age range, 14-72 years) 
were studied. All patients who had arthroscopy during a 15-month period by two orthopedic 
Surgeons and had MR examination of the knee during the 9 months before arthroscopy were 
included in the study. The mean time between MR examination and arthroscopy was 3.5 
months (range, 2 weeks to 9 months). 

The articular surface of the patella is composed of a medial and a lateral facet. which are 


102 McCAULEY ET AL. 


the flat surfaces. The angle where they meet has a curved surface 
and is called the median ridge (Fig. 1). Arthroscopic and MR imaging 
findings were localized to the medial facet, lateral facet, or median 
ridge. In this study, analysis on a “facet-by-facet” basis regarded 
each of these three locations as a separate data point. Analysis on a 
“patient-by-patient” basis was based on the presence or absence of 
chondromalacia in individual patients, irrespective of facet localization. 

At arthroscopy, the cartilage of each facet was graded on a four- 
point scale for localized chondromalacia based on the scale originally 
described by Shahriaree [1]: grade 1, softening; grade 2, blisterlike 
swelling; grade 3, ulceration or fibrillation not extending to bone; and 
grade 4, ulceration with exposure of subchondral bone. Any arthro- 
scopic grade greater than 0 was considered positive for chondro- 
malacia patellae. At arthroscopy, 29 patients had chondromalacia in 
at least one facet; 66 of the 156 individual facets showed chondro- 
malacia patellae. 

MR imaging was performed with a 1.5-T system (Signa, GE 
Medical Systems, Milwaukee, WI) with a 17-cm-bore transmit/receive 
extremity coil. Axial spin-echo (SE) proton density—weighted (1500/ 
20 [TR/TE]) and T2-weighted (1500/80) MR images were obtained 
by using a double-echo sequence with the following imaging param- 
eters: 5-mm section thickness, 2.5-mm intersection gap, 16-cm field 
of view, and 192 x 256 matrix. Sagittal SE T1-weighted (800/20) MR 
images were obtained with 3-mm contiguous interleaved sections. 

MR images were reviewed together by two radiologists with no 
knowledge of the arthroscopic results. The cartilage overlying the 
medial facet, median ridge, and lateral facet of the patella was 
assessed for signal and contour abnormalities on the axial images by 
consensus of the two observers. The signal and contour were each 
classified into one of seven categories. Areas of relatively decreased 
signal on proton density-weighted images were classified as abnor- 
mal, whereas areas of increased signal on the T2-weighted images 
were considered abnormal. The signal categories were A, uniform 
low signal; B, increased signal in all facets; C, poorly defined increased 
signal in one facet; D, sharply defined focal increased signal (including 
punctate or globular signal); E, focal linear increased signal parallel to 
a facet; F, focal linear increased signal perpendicular to a facet; and 
G, focal decreased signal on proton density-weighted images. The 
contour categories were 0, normal cartilage (smooth contour, no 
thinning); 1, uniform thinning of all facets; 2, uniform thinning of one 
facet; 3, fine irregularity of surface; 4, focal thinning or absent carti- 
lage; 5, fissure; and 6, focal bulge. The normal patellar cartilage 
typically has uniform intermediate signal on proton density—weighted 
images and uniform low signal on T2-weighted images (Fig. 1), so 
that on T2-weighted images the cartilage cannot be reliably differen- 
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tiated from the underlying cortex without comparison with the proton 
density-weighted images. For this reason, the 20-msec echo images 
and the 80-msec echo images were evaluated simultaneously, al- 
though separate grades were given for the cartilage characteristics 
on the two sets of images. 

Each MR study was assessed for the presence or absence of 
patella alta, patellar tilt, patellar subluxation, subchondral sclerosis in 
the patella, and effusion. Patella alta was considered present when 
the ratio of patellar tendon length to craniocaudal patellar length was 
greater than 1.2 as measured on the T1-weighted sagittal images 
[13]. Patellar tilt was assessed on the axial images by using the 
lateral patellofemoral angle [14, 15]. The lateral patellofemoral angle 
is the angle formed between a line drawn along the lateral facet of 
the patella and a line drawn connecting the anterior aspects of the 
femoral condyles at the level of the intercondylar groove (the groove 
on the anterior aspect of the femur against which the patella articu- 
lates). If these lines are parallel or open medially, patellar tilt is present. 
The presence or absence of subluxation of the patella was assessed 
on axial images by noting the relationship of the median ridge of the 
patella to the intercondylar groove. 

Chi-square contingency table analysis was used to assess corre- 
lation of individual MR criteria with the arthroscopic presence or 
absence of chondromalacia patellae on a facet-by-facet basis. All 
combinations of criteria were then analyzed to determine the combi- 
nation of MR criteria that yielded the highest correlation with arthro- 
scopic results. All comparisons for significance were made with chi- 
square analysis with continuity correction for two-by-two tables and 
without continuity correction for larger tables (p values < .05 were 
considered significant). 


Results 


The individual MR imaging criteria that reached significance 
for correlation with the arthroscopic results on a facet-by- 
facet basis were focal globular increased signal (p = .025) 
and focal linear high signal parallel to the surface of the facet 
(p = .025) on the T2-weighted images (Fig. 2). The presence 
of diffuse increased signal in all facets did not correlate with 
chondromalacia; only one of six patients with this pattern had 
chondromalacia at arthroscopy (Fig. 3). 

The combination of criteria that yielded the highest corre- 
lation with chondromalacia was the presence of any focal 
signal or focal contour abnormality on either the T2-weighted 


Fig. 1.—Normal MR appearance of patellar 
cartilage in 16-year-old girl with normal cartilage 
at arthroscopy. 

A, On T2-weighted image, cartilage (arrows) 
has uniform low signal. 

B, On proton density-weighted image, carti- 
lage (arrows) has uniform intermediate signal. M 
= medial facet, R = median ridge, L = lateral 
facet. 
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Fig. 2.—T2-weighted MR image shows signal 
abnormality in patellar cartilage in 48-year-old 
woman with chondromalacia at arthroscopy. Fo- 
cal increased signal (arrows) is present parallel 
to surface of lateral facet. 


Fig. 3.—T2-weighted MR image shows uni- 
form intermediate signal in 47-year-old man with 
normal patellar cartilage at arthroscopy. This is 
normal MR appearance in absence of focal sig- 
nal variation. 





Fig. 4.—T2-weighted MR image shows focal 
signal abnormality in 53-year-old man with chon- 
dromalacia at arthroscopy. Increased signal (ar- 
row) is present perpendicular to facet surface at 
junction of median ridge and lateral facet. In- 
creased linear signal (arrowhead) is present par- 
allel to surface of medial facet. 


or proton density-weighted images, corresponding to signal 
criteria D-G or contour criteria 4-6 (Figs. 4-6). For diagnosis 
on a facet-by-facet basis this combination of criteria yielded 
a 67% sensitivity, a 78% specificity, and a 73% accuracy. 
The sensitivity did not significantly change with the arthros- 
copic grade; it was 63% (12/19) for grade 1 lesions, 68% (28/ 
41) for grade 2 lesions, and 66% (four/six) for grade 3 lesions. 
No grade 4 lesions were observed arthroscopically. When 
only findings on T2-weighted images were used to diagnose 
chondromalacia, the criteria of focal signal or contour abnor- 
mality yielded a sensitivity of 53%, a specificity of 84%, and 
an accuracy of 71% on a facet-by-facet basis. This accuracy 
is not significantly different from that obtained by using the 
criteria of abnormality on T2-weighted or proton density- 
weighted images, with the slightly lower sensitivity being 
compensated for by higher specificity. If findings on proton 
density-weighted images alone are used to diagnose chon- 
dromalacia, the criteria of focal signal or contour abnormality 


Fig. 5.—T2-weighted MR image shows both sig- 
nal and contour abnormalities in 44-year-old man 
with chondromalacia at arthroscopy. A focal con- 
tour defect (arrows) is present over median ridge, 
with linear signal (arrowheads) parallel to facet ridge. 
surface extending into cartilage over medial and 
lateral facets. 
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Fig. 6.—Proton density-weighted MR image 
shows signal abnormality in 42-year-old woman 
with chondromalacia at arthroscopy. Focal low 
signal (arrow) is present in cartilage over median 


yielded a significantly lower sensitivity (26%) and accuracy 
(57%) than did either use of the findings on T2-weighted 
images alone or use of the combination of findings on T2- 
weighted and proton density—weighted images (p < .02). The 
specificity (80%) was not significantly different. 

The data were then evaluated for sensitivity and specificity 
for diagnosis of chondromalacia on a patient-by-patient basis. 
Using the presence of focal signal or contour abnormality on 
either proton density-weighted or T2-weighted images, we 
diagnosed chondromalacia with a sensitivity of 86%, a spec- 
ificity of 74%, and an accuracy of 81%. With T2-weighted 
imaging findings only, the criteria of focal abnormality yielded 
a lower sensitivity of 72%, a slightly higher specificity of 87%, 
and a lower accuracy of 79%, with these differences not 
reaching statistical significance. With proton density- 
weighted images, the criteria of focal signal or contour abnor- 
mality again had a lower sensitivity (62%), a lower specificity 
(78%), and a lower accuracy (69%) than did T2-weighted 
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images, but these differences did not reach statistical signifi- 
cance. Of the 25 true-positives diagnosed on the basis of 
findings on both T2-weighted and proton density-weighted 
images, 16 were diagnosed on the basis of signal character- 
istics alone, eight were diagnosed on the basis of both signal 
and contour characteristics, and one was diagnosed on the 
basis of contour characteristics alone. 

Twenty-nine patients showed effusion on MR images; of 
these, 21 (72%) had chondromalacia at arthroscopy. In the 
presence of effusion, the MR diagnosis of chondromalacia 
was made with an 82% (18/22) sensitivity, 29% (two/seven) 
specificity, and 69% accuracy. Twenty-three patients did not 
have effusion, and seven of these patients (30%) had chon- 
dromalacia. In the absence of effusion, the diagnosis of chon- 
dromalacia was made with a higher sensitivity of 100% 
(seven/seven), specificity of 94% (15/16), and accuracy of 
96% (which is significantly increased compared with the ac- 
curacy in the presence of effusion, p = .04). 

The MR imaging findings of patellar tilt (10 patients), patella 
alta (10 patients), and subchondral sclerosis (21 patients) 
were not associated with an increased prevalence of chon- 
dromalacia patellae at arthroscopy. Chondromalacia was 
found in 50% (five/10) of patients with tilt and in 57% (24/42) 
of those without tilt. Chondromalacia was found in 40% (four/ 
10) of patients with patella alta and in 60% (25/42) of those 
without patella alta. Of the five patients with both patellar tilt 
and patella alta, two had chondromalacia. Chondromalacia 
was present in (52%) (11/21) with subchondral sclerosis and 
in 58% (18/31) of patients without subchondral sclerosis. 

The clinical MR reports were available to the arthroscopists 
at the time of arthroscopy. Although this could bias the 
arthroscopic report, the patellar cartilage was mentioned in 
the clinical MR report in only 62% (32/52) of patients. As no 
MR criteria were available at the time of prospective evalua- 
tion, the cartilage abnormalities in these reports were diag- 
nosed with inconsistent criteria. 


Discussion 


Evaluation of chondromalacia patellae with MR imaging has 
been previously described; however, these studies have in- 
volved preponderantly T1-weighted images [7-10]. Results 
of studies evaluating T2-weighted images have been mixed. 
Handelberg et al. [7] reported an 82% accuracy for diagnosis 
of chondromalacia patellae using T2-weighted images, al- 
though the criteria used for diagnosis to achieve these results 
were not described. Hayes et al. [8] studied disarticulated 
knee specimens and, on the basis of their experience with 
their initial five specimens, concluded that T2-weighted “im- 
ages produced less satisfactory spatial resolution than T1- 
weighted images, and were not useful in examining for internal 
cartilage signal differences.” The current study was under- 
taken to determine the MR features of chondromalacia patel- 
lae on T2-weighted and proton density-weighted images. The 
criteria of focal signal or contour abnormality on either T2- 
weighted or proton density-weighted images gave the high- 
est accuracy for the diagnosis of chondromalacia patellae, 
although use of only the findings on T2-weighted images 
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yielded comparable accuracy. We found proton density- 
weighted images were less useful for patellar cartilage eval- 
uation; the sensitivity, specificity, and accuracy were less than 
those obtained with T2-weighted images. The accuracy on a 
facet-by-facet basis was somewhat lower than that on a 
patient-by-patient basis (74% vs 81%). This may be ac- 
counted for by inaccuracies in assigning the location of an 
abnormality to a specific facet both at arthroscopy and at MR 
imaging. The MR evaluation was limited by the relatively thick 
section width (5 mm with a 2.5-mm intersection gap). Thinner 
contiguous sections may allow more thorough evaluation with 
a more accurate assessment of the patellar cartilage. It is 
also possible that abnormalities visible on MR and arthro- 
scopically detectable abnormalities are not always the same. 
In particular, arthroscopy may be useful for assessing surface 
abnormalities more accurately, whereas MR may be useful 
for assessing intrasubstance abnormalities more accurately. 

Unlike the experience of Hayes et al. [8], we found that T2- 
weighted images were useful in evaluating internal cartilage 
signal. In our study, signal characteristics were found to be 
much more useful for diagnosis on T2-weighted images than 
contour characteristics were. Only one of our true-positive 
diagnoses was made on the basis of contour abnormality 
alone. Hayes et al. used a single-echo T2-weighted sequence, 
and they commented that these images lacked contrast be- 
tween subchondral cortical bone and cartilage. Although this 
lack of contrast was seen in our study, comparison of the T2- 
weighted images with the proton density—-weighted images 
permitted accurate definition of the cartilage. 

Prior studies have suggested that the presence of effusion 
assists in visualization of small cartilage defects because of 
the arthrographic effect [11]. In this study, the diagnosis of 
chondromalacia was not improved in the presence of effusion. 
This may be because the diagnosis of chondromalacia was 
based on signal rather than on contour abnormalities in most 
of our cases. We observed decreased diagnostic accuracy in 
the presence of effusion, which was largely due to lower 
specificity. The reason for the observed lower specificity in 
the presence of effusion is unclear. This may reflect partial 
volume averaging of the patellar cartilage with joint fluid when 
5-mm sections are obtained. 

An association between the grade of arthroscopic abnor- 
mality and detectability of chondromalacia was not found; 
however, only four patients in this study had grade 3 abnor- 
mality and none had grade 4 abnormality. A study including a 
larger number of higher grade lesions would be necessary to 
determine if high-grade lesions are associated with higher 
sensitivity. 

A number of potential sources of bias were present in this 
study. The arthroscopists had access to clinical MR reports, 
which included descriptions of the MR appearance of the 
patellar cartilage in 32 of the 52 cases, and this could have 
biased their evaluation. The sensitivity and specificity obtained 
by using the criteria determined by this study also may be 
greater than that achievable in a prospective study, because 
these criteria were selected retrospectively. In future studies, 
a thinner section thickness and a more heavily weighted T2 
sequence may improve diagnostic accuracy. 
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In conclusion, most patients with chondromalacia patellae 


have focal increased signal in the cartilage or focal contour 
defects in the cartilage surface on T2-weighted MR images. 
These MR findings are not seen in most patients with normal 
cartilage. A prospective study is needed to determine the 
efficacy of these criteria for the prospective diagnosis of 
chondromalacia patellae. 
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Commentary 





Chondromalacia Patellae 


Juerg Hodler’ and Donald Resnick 


In the preceding article, McCauley et al. [1] conclude that 
MR imaging and mainly T2-weighted spin-echo images are 
suitable for the diagnosis of chondromalacia patellae. Most 
orthopedic surgeons consider arthroscopy to be the method 
of choice in the diagnosis of chondromalacia. Therefore, 
imaging methods must be accurate and cost-effective. 

MR imaging is the most promising noninvasive imaging 
technique for the depiction of cartilage disorders. Many stud- 
ies have addressed the role of MR imaging in assessing 
cartilage, often in models that used cadaveric or animal joints 
[2-6]. The knee joint has been evaluated most commonly, 
with less attention directed to the hip and other articulations. 
T1-weighted, proton density-weighted, and T2-weighted 
spin-echo images most often are used in MR imaging of the 
knee. Although they may not be the optimal sequences avail- 
able to depict articular cartilage, these are the sequences 
used most frequently for the study of the menisci and cruciate 
ligaments of the knee. 

The article by McCauley et al. [1] is an important addition 
to the literature because it concerns itself with data collected 
during routine MR assessment of internal derangements of 
the knee. We have confirmed several of their findings in an 
investigation of the femorotibial joint cartilage (Hodler et al., 
unpublished data), mainly (1) the importance of focal signal 
changes in the diagnosis of localized cartilage defects, (2) the 
infrequency of direct depiction of chondral contour abnormal- 
ities, (3) the relative insensitivity of proton density—weighted 
images, and (4) the value of the combined analysis of different 
MR imaging sequences. We used T1-weighted, proton den- 
sity-weighted, and T2-weighted spin-echo and gradient-echo 


This article is a commentary on the preceding article by McCauley et al. 


images in cadavers to study defects in the tibial and femoral 
articular cartilage. Retrospectively, by using precise correla- 
tion of individual MR images and anatomic sections, we 
detected 60% of focal defects of articular cartilage on proton 
density-weighted images and 72% on T1-weighted images. 
The results of T2-weighted spin-echo images and the gra- 
dient-echo images revealed accuracy levels between these 
two values. If all sequences were considered simultaneously, 
83% of focal lesions were visible in at least one imaging 
sequence. When the same images were used in a blinded 
evaluation, sensitivity for focal defects was 71%, specificity 
was 69%, and accuracy was 70% when all sequences were 
considered simultaneously. Retropatellar cartilage may be 
easier to evaluate than femorotibial cartilage, however, be- 
cause it is significantly thicker and therefore is less prone to 
partial-volume and other artifacts. 

T2-weighted spin-echo images alone do not show the entire 
extent of the patellar articular cartilage sufficiently, as indi- 
cated by McCauley et al. [1]. Although their results are good, 
we prefer T1-weighted images alone or in combination with 
T2-weighted images. As indicated also by Yulish et al. [3], 
the latter images may provide an “arthrogram effect” and 
therefore define surface irregularities better. MR imaging is 
better suited for visualization of those defects of the cartilage 
surface that do not contain any tissue, rather than those 
containing residual fibrillated cartilage or granulation tissue. 
Reliance on surface changes of cartilage, therefore, may lead 
to an underestimation of the extent of damage with MR 
imaging. Alternatively, pathologic changes that occur around 
a cartilage defect may produce pronounced MR findings that 
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may lead to an overestimation of damage. For example, 
surrounding chondral edema may be difficult to differentiate 
from joint fluid filling a chondral defect. Therefore, direct 
correlation between the size of the defect and the extent of 
the imaging abnormalities may be difficult [1, 7]. 

We believe that other currently available imaging sequences 
and certainly those developed in the near future may prove 
to be more accurate than spin-echo images in the assessment 
of cartilage abnormalities. In our investigation, gradient-echo 
images were characterized by slight irregularities of signal 
that could be confused with those accompanying focal de- 
fects of cartilage, although other authors [7, 8] have stated 
that these images are useful for the depiction of cartilage 
damage. Chemical-shift imaging has been shown to depict 
defects of the cartilage surface [6], but its ability to reveal 
intracartilaginous disease has not been proved. Our prelimi- 
nary measurements in a cadaveric knee with femoropatellar 
osteoarthritis have indicated that fat-suppression images 
(MPVBCS [Multi-Planar Variable Bandwidth with Chem 
SAT], General Electric Medical Systems, Milwaukee, WI) with 
an intermediate to long repetition time (TR = 800-3000) and 
a short echo time (TE = 20) had the highest contrast-to-noise 
ratio (defined as the absolute magnitude of the difference in 
intensity between normal and abnormal cartilage divided by 
the SD of the background intensity [9]. T2-weighted (2000/ 
70) spin-echo images had the lowest contrast-to-noise ratio. 
Between these extremes, gradient-echo images (MPGR 
[Multi-Planar Gradient Recalled], General Electric Medical 
Systems, Milwaukee, WI; 450/15, 15-45% flip angle) had a 
better contrast-to-noise ratio than the routinely used T1- 
weighted (600/20) spin-echo images (Hodler et al., unpub- 
lished data). Therefore, in disagreement with McCauley et al. 
[1], we are not certain if the use of more heavily T2-weighted 
spin-echo images will produce better results in the future. 

The use of 3-D acquisition of image data in combination 
with gradient-echo sequences and the reconstruction of thin 
(<1 mm) slices may resolve this problem. In our experience, 
low signal-to-noise ratio, limitations in the choice of imaging 
parameters, and long reconstruction times have been obsta- 
cles to routine use of this technique. 

As has been shown in cadavers [2, 6] and clinically [4], MR 
arthrography, which probably is best performed with gadolin- 
ium-containing contrast media, appears to offer more accu- 
rate results in the analysis of changes in the cartilage surface. 
MR arthrography is invasive, however, and gadolinium-con- 
taining contrast media have not yet been approved for intra- 
articular applications by the Food and Drug Administration. 
The examination is also more time-consuming, even if the 
injection is performed blindly in the MR suite without the use 
of a fluoroscopy unit. 

The choice of arthroscopy as the gold standard in any MR 
investigation of cartilage abnormalities has potential limita- 
tions. Differences in terminology, sites of analysis (Surface vs 
internal structure), and techniques of measurement (land- 
marks may be better defined on cross-sectional images than 
during arthroscopy, with its limited field of view) are encoun- 
tered when arthroscopic findings are compared with those of 
MR imaging. Arthroscopy, however, remains one of the best 
available methods for the confirmation of abnormal findings. 
McCauley et al. [1] addressed the correlation between ar- 
throscopic and MR findings on both a “facet-by-facet basis” 
and a “patient-by-patient basis.” The first method of analysis 


revealed a sensitivity of 67%, a specificity of 78%, and an 
accuracy of 73% in the detection of chondromalacia patellae. 
The second method, as expected, improved the diagnostic 
performance of MR imaging; for example, in a patient with a 
cartilage lesion of the lateral patellar facet, a false-positive 
MR diagnosis related to observations of the medial facet and 
a false-negative MR diagnosis related to observations of the 
lateral facet would be considered as a true-positive diagnosis 
in a patient-by-patient assessment technique. Not surpris- 
ingly, with this approach, the reported sensitivity of MR in 
McCauley’s investigation was 86%, specificity was 74%, and 
accuracy was 81%. 

In addition to chondromalacia patellae, McCauley et al. [1] 
evaluated patella alta, patellar tilt, and patellar subluxation. 
These conditions certainly are very important to the clinician 
because they may lead to chondromalacia patellae or indicate 
tracking abnormalities causing retropatellar pain unrelated to 
chondromalacia patellae. Measurements of the patellar posi- 
tion depend on the degree of flexion of the knee joint, how- 
ever. Measuring patellar tilt or subluxation in 0° of flexion 
does not reveal biomechanically relevant data [10], because 
the patella can be recentered during knee flexion. Also, with 
the use of extremity coils that surround the knee, the patella 
may be artificially displaced by the sponges used for stabili- 
zation during the MR examination. 

In conclusion, the investigation by McCauley et al. is im- 
portant because it underscores the consensus opinion that 
MR imaging is the best available noninvasive method for the 
depiction of articular cartilage. Although diagnostic limitations 
still exist, the introduction of new MR imaging sequences 
surely will overcome some of the current problems. The 
precise role of MR imaging in the analysis of cartilage in 
general and chondromalacia patellae specifically has yet to 
be defined, however. 
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Book Review 





Easily Missed Fractures and Corner Signs in Radiology. By Hans Olav Riddervold. Mount Kisco, NY: Futura, 


400 pp., 1991. $150 


This text is an atlas-style collection of subtle injuries, collected over 
many years, by Hans O. Riddervold, director of the emergency 
radiology section of the University of Virginia Health Sciences Center. 
The intended audience of the book is radiologists and physicians who 
work in the emergency department or examine patients with traumatic 
injuries. 

After a brief introduction in which the author provides some helpful 
hints for the evaluation of films in a trauma setting, the book is divided 
into seven chapters. Chapter 1, “Radiology Malpractice in the Emer- 
gency Room,” was written by Phillip C. Stone, an attorney specializing 
in the field of malpractice. In this brief chapter, radiologists’ vulnera- 
bility to litigation in the emergency department setting is reviewed. 
Common pitfalls and fundamental principles to minimize these poten- 
tial problems are discussed. 

Each of the remaining six chapters deals with a specific organ 
system: skull and face, spine, thoracic cage, upper extremity, pelvis 
and hips, and lower extremity. The format for all these chapters is 
similar: a short introductory text followed by a large number of cases. 
Readers are advised to quiz their expertise by looking at the cases 
as unknowns, thus testing their “powers of observation.” Clearly, the 
emphasis of imaging is on plain film radiography; however, a few 
correlating line drawings, scintigrams, tomograms, CT scans, and 
MR images are included. Algorithms for the examination of patients 


with suspected injury to the cervical spine and pelvis are also 
included. 

The chapters are exceedingly well-illustrated, with a large number 
of high-quality images, and provide a wide spectrum of common and 
not so common injuries. Arrows are used liberally to highlight findings, 
and captions are short enough to be read easily yet adequately 
describe the pathologic changes shown. The book is not, nor does it 
pretend to be, a comprehensive review of musculoskeletal trauma. 
The focus is the identification of subtle injury. Occasionally, however, 
the findings are too subtle, and a few images have been retouched 
to allow the reader to detect the abnormality. These images detract 
from the text. The book is similar in style and format to Emergency 
Radiology by Keats (Dr. Riddervold is the author or a coauthor of 
several chapters in the Keats text), and as would be expected, some 
overlap of subject matter occurs. 

This book is easy and enjoyable to read. It would be most useful 
for residents and those involved in the evaluation of acute trauma. It 
is fairly expensive, and the cost of $150 may be prohibitive. It would 
be a nice addition to a teaching library or emergency department. 
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Diagnosis of Pelvic Fractures in 
Patients with Acute Pelvic Trauma: 
Efficacy of Plain Radiographs 





Although CT is widely recognized as an important adjunct to plain films in the 
evaluation of patients with acute pelvic trauma, accurate diagnosis of orthopedic injuries 
with plain films alone is often important to determine if immediate external fixation is 
necessary. The purpose of this study was to determine the efficacy of plain radiographs 
in the detection of pelvic fractures and dislocations in patients with acute pelvic trauma 
by using CT as the gold standard. CT scans and plain films collected prospectively in 
50 patients with acute pelvic injuries were evaluated independently, and fractures and 
dislocations were identified and tabulated. Of a total of 162 fractures and dislocations 
seen on CT, only 14 (9%) were misdiagnosed on plain films. None of these misdiagnoses 
altered patients’ management. Sixteen (80%) of 20 cases of intraarticular fragments in 
the hip joint associated with acetabular fractures were not identified on plain films. 

We conclude that plain film examination of the patient with pelvic trauma is sufficient 
to identify virtually all clinically important fractures and dislocations. Plain radiographs 
alone are not accurate in detecting fracture fragments within the hip joint. 


AJR 158:109-112, January 1992 


The advent of CT has simplified the radiologic evaluation of patients with pelvic 
trauma. CT provides greater detail of the spatial relationship of fracture fragments 
than do plain films. In emergencies, however, CT is more time-consuming, often 
an important factor when life-threatening injuries are present. 

Several authors have described the role of CT in pelvic fractures [1-11]. Their 
results indicating error rates of 30-65% with plain films alone are disturbing, 
particularly when surgeons rely heavily on plain film findings to decide if immediate 
external fixation is necessary. Accordingly, we undertook a study to determine the 
efficacy of plain radiographs in the detection of pelvic fractures and dislocations in 
patients with acute pelvic trauma by using CT as the gold standard. 


Subjects and Methods 


A prospective study was done during an 8-month period of 72 consecutive patients in 
whom pelvic CT was performed to evaluate acute pelvic injuries. Twenty-two were excluded 
from the study because CT was done after placement of pelvic external fixation, precluding 
accurate assessment of injuries of the posterior portion of the pelvis. Of the remaining 50 
patients, 36 were male and 14 were female. Their mean age was 36 years (range, 16-73 
years). 

All 50 patients had an anteroposterior radiograph of the pelvis immediately on admission. 
In 25 patients, additional inlet (caudad tube angulation) and outlet (cephalad tube angulation) 
radiographs were obtained, and in 12 patients with acetabular trauma, bilateral Judet (oblique) 
radiographs were obtained, depending on the findings present on the initial anteroposterior 
radiograph. 

All 50 patients had CT scans within 24 hr of admission. Axial sections were imaged at 10- 
mm intervals from the iliac crests to the acetabular roofs. Sections then continued at 3- or 4- 
mm intervals through the pubic rami. 
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All plain films and CT scans were evaluated in a blinded fashion by 
one of three skeletal radiologists. Injuries tabulated independently on 
all 100 examinations included diastasis of sacroiliac joints, sacral 
fractures, iliac fractures, acetabular fractures, hip dislocations, frag- 
ments within the hip joint, fractures of the superior pubic ramus, 
fractures of the inferior pubic ramus or ischium, and diastasis of the 
symphysis pubis. Discrepancies between findings on plain films and 


findings on CT were evaluated to determine the rate of misdiagnosis 
with plain films alone. 


Results 


A total of 162 injuries were seen on CT in the 50 patients, 
including 10 cases of sacroiliac diastasis, 25 sacral fractures, 
14 iliac fractures, 29 acetabular fractures, 10 hip dislocations, 
33 fractures of the superior pubic ramus, 34 fractures of the 
inferior pubic ramus or ischium, and seven cases of diastasis 
of the symphysis pubis. Twenty of the acetabular fractures 
had intraarticular fragments in the hip joint. No injuries were 
seen on plain films that were not seen on CT (eight hip 
dislocations were reduced before the CT scan was obtained). 

Fractures shown on CT but not on plain films included one 
case of sacroiliac diastasis (10%), four sacral fractures (16%), 
three iliac fractures (21%), two acetabular fractures (7%), one 
fracture of the superior pubic ramus (3%), and three fractures 
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Fig. 1.—Misdiagnosed sacroiliac joint diastasis. 

A, Radiograph shows slight widening of right 
sacroiliac joint, but it was not interpreted correctly 
at initial examination. 

B, CT scan shows widening of anterior aspect 
of right sacroiliac joint. 


Fig. 2.—Bilateral sacral fractures. 

A, Radiograph shows disruption of arcuate line 
(arrow) on left side. No abnormality is evident on 
right side. 

B, CT scan shows obvious left-sided sacral 
fracture and subtle cortical fracture along anterior 
aspect of right side of sacrum (arrow). 


of the inferior pubic ramus or ischium (9%). Sixteen cases of 
fragments within the hip joint (80%) were seen on CT but 
were not observed on plain films. Excluding intraarticular 
fragments, the overall frequency of misdiagnosis of all acute 
pelvic fractures and dislocations with plain films alone was 
9% (14/162). All of these injuries were subtle (Figs. 1-9), and 
in no case did the subsequent discovery of any fracture on 
CT alter case management. 


Discussion 


Several publications have documented a high frequency of 
missed pelvic fractures on plain films [1-11]. In the largest of 
these series, Montana et al. [7] reported that 20 of 70 cases 
of diastasis of the sacroiliac joint were not detected on plain 
films, and 24 of 42 “lip” fractures (fractures involving the 
sacral or iliac surface abutting the sacroiliac joint) and 15 of 
44 “vertical shear” fractures (sacral fractures extending into 
neural foramina) were missed initially. However, retrospective 
review of the plain radiographs in cases of vertical shear 
fractures yielded a 93% detection rate. Other authors have 
noted misdiagnosis rates of sacral fractures and sacroiliac 
joint diastasis of 60-65% [1, 3]. 

The results of our study are not in agreement with these 
high misdiagnosis rates, as we found that only 9% of fractures 
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Fig. 3.—Subtle sacral fracture. Fig. 4.—CT scan of comminuted left iliac fracture that was 
A, Radiograph shows diastasis of right sacroiliac joint and fracture of medial aspect visible on radiograph. Subtle buckle fracture of right ilium was 
of right ilium, but sacral fracture is not visible. not. 


B, CT scan shows diastasis of right sacroiliac joint, fracture of posterior aspect of 
right ilium, and fracture of sacral cortex at right sacroiliac joint. 


Fig. 5.—CT scan of subtle fracture of anterola- 
teral cortex of left ilium that was not visible on 
radiograph. 


Fig. 6.—CT scan of subtle buckle fracture of 
right superior pubic ramus (arrow) that was not 
visible on radiograph. 





Fig. 7.—CT scan of undisplaced fracture of right Fig. 8.—Misdiagnosed acetabular fracture. 
inferior pubic ramus that was not visible on radio- A, Radiograph shows fracture of right superior pubic ramus, but acetabular involvement is not 
graph. visible. 


B, CT scan shows fracture of right superior pubic ramus with extension to articular surface of 
acetabulum. | 
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Fig. 9.—Misdiagnosed intraarticular fragment. 

A, Radiograph shows fracture of right acetabu- 
lum, but intraarticular fragments are not visible. 

B, CT scan shows fracture of posterior aspect 
of right acetabulum with two intraarticular bone 
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or dislocations were not observed on plain films alone. Our 
study may have a selection bias because patients in whom 
CT scans were obtained after placement of external fixation 
were excluded. However, these patients would be expected 
to have the most severe injuries, which would be unlikely to 
be overlooked. Although the streak artifact created by the 
metallic external fixation device did not usually obscure frac- 
tures, the reduction of diastasis of sacroiliac joints after 
fixation precluded the use of CT as the gold standard. 

Another explanation for our better results might be that we 
see a large percentage of patients with severe injuries. More- 
over, the experience gained by evaluating a great number of 
pelvic injuries may improve our detection rate. This might 
explain the increase in detection noted by Montana et al. [7] 
when evaluation was made retrospectively instead of 
prospectively. 

Our results showing that 80% of intraarticular fragments in 
the hip joint were not seen on plain films are in agreement 
with other large series. Adam et al. [1] reported 10 intraartic- 
ular fragments in 30 patients with acetabular fractures, with 
only one diagnosed by using plain films. St. Pierre et al. [9] 
described 20 such fragments in 67 patients, none visible on 
plain films. Vas et al. [11] detected none of 10 fragments in 
34 patients by using plain films. CT in these cases is vital to 
the planning of treatment and to the choice of surgical tech- 
nique, because the presence of intraarticular fragments ne- 
cessitates exploration of the hip joint [9]. 

We conclude that the efficacy of plain radiographs in de- 
tecting pelvic fractures in patients with acute pelvic trauma is 
sufficient to identify virtually all clinically important fractures 


fragments. 


and dislocations. Plain radiographs alone are not accurate in 
detecting fracture fragments within the hip joint; CT can be 
used for their detection once the patient is stabilized clinically 
in order to guide surgical planning. 
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Unstable Jefferson Variant Atlas 
Fractures: An Unrecognized Cervical 
Injury 





We retrospectively reviewed the plain films and CT scans of 11 unstable atlas 
fractures from a series of 72 atlas fractures to better characterize these injuries and to 
determine if the correct diagnosis could have been made. These 11 atlas fractures were 
unstable because either the anterior bony ring was disrupted (six cases), the posterior 
longitudinal ligament was torn (one case), or both the anterior bony ring and the posterior 
longitudinal ligament were disrupted (four cases), allowing C1-C2 subluxation to occur. 
Although all the fractures were potentially unstable, only eight demonstrated subluxation 
on the lateral radiograph. Despite the abnormal open mouth view in all cases, the plain 
films showed minimal abnormalities, requiring CT for definitive diagnosis. Less than half 
(five of 11) of the patients had other levels of spine injury or associated transverse 
ligament tear. Three of the 11 patients were quadriplegic, and two died as a result of 
their spinal cord injury. 

These unstable atlas fractures were similar to the classical Jefferson fracture in 
appearance and mechanism, except that they had fewer than four breaks in the atlas 
ring and were associated with severe neurologic injury and lower level spine injuries. 
The pattern of bilateral anterior arch fractures was associated more often with neurologic 
injury. Because of these differences, we chose to refer to them as Jefferson variant 
fractures to distinguish them from the classical Jefferson fracture and to emphasize the 
seriousness of this injury. 


AJNR 12:1105-1110, November/December 1991; AJR 158:113-118, January 1992 


In 1920 Jefferson [1] proposed a mechanism by which atlas fractures occur. He 
did not personally report the fracture that was later named for him, but rather 
described potential fracture sites with four breaks in the atlas ring. In his review of 
46 previously reported atlas fractures he found eight cases with four breaks in the 
atlas ring, one case with three breaks, 13 with two breaks (of which eight were 
bilateral anterior and five were bilateral posterior arch fractures), and 22 cases with 
one break of the posterior arch. 

We have encountered one classical Jefferson atlas fracture and 71 cases with 
less than four breaks of the atlas ring, of which 11 were found to be unstable. 
Because three of these 11 had quadriplegia and the other eight had a potential for 
Subluxation and neurologic injury, we chose to refer to this type of injury as the 
unstable Jefferson variant fracture. 

By describing and defining the unstable Jefferson variant fracture as a distinct 
Clinical and radiologic entity, we hoped to emphasize its significance as well as to 
contrast it against the classic Jefferson fracture, which has not been reported to 
be associated with permanent neurologic injury [1-4]. It is the purpose of this 
article to describe the unstable Jefferson variant fracture of the atlas, its radiologic 
findings, and its clinical significance. 


Materials and Methods 


Seventy-two atlas fractures from a series of 479 cervical fractures or dislocations were 
reviewed retrospectively between 1982 and 1990. All were studied by plain radiographs and 
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CT scans, and 14 were additionally studied by polytomography. One 
case was the classic Jefferson fracture, 11 were the unstable Jeffer- 
son variant fracture, and 60 were either isolated unilateral (31) or 
bilateral (29) posterior arch fractures. Because the 60 patients with 
isolated posterior arch fractures were neurologically intact and stable, 
they were excluded from this review. 

Instability of the spine was determined on the basis of the patterns 
of fracture from the CT scans and not from the radiographs. In fact, 
instability was not suspected on the initial examination, and the true 
significance of these Jefferson variant fractures was not recognized 
until CT studies had been obtained. 

Anterior subluxation was defined by a greater than 3-mm widening 
of the predental space, indicating tear (or laxity) of the transverse 
ligament. Posterior subluxation was defined by a posterior displace- 
ment of the C1 spinolamina line with respect to the spinolamina line 
of C2, occurring with the anterior Y2 Jefferson variant fractures 
(bilateral anterior arch fractures). Lateral subluxation was defined by 
a unilateral offset of the C1 lateral mass with respect to the C2 lateral 
mass without a corresponding inward displacement of the opposite 
C1 lateral mass, occurring with the hemi-ring pattern of Jefferson 
variant fractures. 

Disruption of the spinolamina line was evaluated on the lateral 
radiograph. The spinolamina line has been described as a smooth, 
curving line joining the bases of the posterior spinous process (junc- 
tion of the spinous process with the lamina) and extending to the 
posterior lip of the foramen magnum or opisthion [5-8]. 

Since the atlas ring lateral masses should line up with the lateral 
mass of the axis, any outward displacement should indicate widening 
of the atlas ring. Lateral offset of one or both lateral masses exceeding 
6.9 mm on the anteroposterior radiograph should indicate transverse 
ligament tear [3, 9]. 

The degree of displacement of the atlas lateral mass with respect 
to the axis lateral mass, and the atlas lateral mass to the dens spaces 
bilaterally was measured from the anteroposterior radiograph. The 
Clinical charts were reviewed to correlate the atlas injuries with the 
neurologic injuries. Autopsy was performed on one patient. 


Results 


Among the 11 cases of unstable Jefferson variant fractures, 
the following patterns occurred. One patient had three breaks 
of the C1 ring (Fig. 1), consisting of bilateral posterior arch 
fractures plus a third anterior arch fracture. Eight patients had 
two breaks, consisting of three subpatterns: (1) four cases of 
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bilateral anterior arch fractures (Fig. 2) of which one had an 
associated transverse ligament tear; (2) three cases of an 
ipsilateral hemi-ring pattern (Fig. 3) with a break in the anterior 
and posterior ring on the same side, of which all three had 
associated transverse ligament tear; and (3) one case of a 
contralateral hemi-ring pattern. One patient had a single 
break, consisting of a posterior arch fracture plus a transverse 
ligament tear. And one patient had a traumatic separation of 
the anterior arch synchondrosis plus a posterior spina bifida 
(Fig. 4). We also referred to these patterns of ring breaks as 
34 Jefferson, anterior Y2 Jefferson, and hemi-ring Jefferson 
(ipsilateral and contralateral) variant fractures (Table 1). 

In seven patients, the offset of the C1 lateral masses with 
respect to the C2 lateral masses was unilateral, varying from 
1 to 7.5 mm on the open mouth view. In the other four 
patients, the offset was bilateral, varying from 3 to 8 mm 
(Table 2). Asymmetry of the spaces between the C1 and dens 
on the open mouth view was present in 10 patients, varying 
from 1 to 14 mm (Figs. 2 and 4). Bilateral offset of the C1 
lateral masses with respect to the C2 lateral masses was 
present in the 11th case. The greatest degree of offset 
occurred with transverse ligament tears. In addition, the great- 
est degree of asymmetric widening of the spaces between 
the dens and the medial margin of the C1 lateral mass 
occurred with transverse ligament tears (Table 2). This would 
be expected, since a tear of the ligament would allow ring 
widening to occur. 

The lateral radiographs in eight patients demonstrated an- 
terior displacement of the spinolaminal line at C1 (Fig. 2) in 
five patients with transverse ligament tears, and posterior 
displacement in three patients, of whom two had bilateral 
anterior arch fractures and one had an extension type II dens 
fracture, which may have contributed to the C1—C2 subluxa- 
tion. 

Of the unstable Jefferson variant fractures, three (27%) of 
the 11 patients were quadriplegic. In one of these patients, 
autopsy showed the spinal cord to be subtotally transected, 
and there was hypermobility at the C1-C2 level because of 
the anterior Y2 Jefferson variant fracture. We also found 
extensive soft-tissue and ligamentous disruption and, most 
notably, tear of the transverse ligament. Another quadriplegic 


Fig. 1.—Case 1: 58-year-old woman who had 
been in a motor vehicle accident was neurolog- 
ically intact but had severe neck pain. 

A and B, CT scans show example of 3⁄4 Jef- 
ferson variant fracture, with bilateral posterior 
arch fracture (A) and unilateral anterior arch 
fracture (B). 
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Fig. 2.—Case 2: 84-year-old man who had been in a motor vehicle accident was found to be unresponsive without respirations and his head twisted to 
one side at the scene of the accident. Autopsy demonstrated near transection of spinal cord. 

A, Lateral radiograph shows example of anterior 12 Jefferson variant fracture, with marked posterior displacement of the cranium and posterior arch of 
C1 with respect to C2. C1 ring is markedly widened, and anterior arch of C1 remains in normal relation to the C2 dens. C1 spinolaminal line is displaced 


posteriorly (dashes). 


B, Open mouth view of dens shows marked asymmetry between dens and lateral masses of C1. There is marked overhang of right side of C1 with 


respect to lateral mass of C2. 


C, CT scan shows bilateral anterior arch fractures and marked asymmetry between dens and lateral masses of C1. There is also a tear of the transverse 
ligament. Note that C1 tubercle on right (arrow) has lost its sharp cortical margin as compared with the left. The avulsed fragment is seen better on a 


lower CT section (not included). 


Fig. 3.—Two examples of the hemi-ring frac- 
ture pattern. 

A, Case 6: 25-year-old man who had been in 
a motor vehicle accident was neurologically in- 
tact but had neck pain. CT scan shows ipsilateral 
form with both fractures on left side. 

B, Case 8: 35-year-old woman who had been 
in a motor vehicle accident was neurologically 
intact but had neck pain and difficulty turning 
her head due to pain. This is another example of 
ipsilateral form on the right side but with an 
associated transverse ligament tear. The C1 tu- 
bercle (arrow) has been avulsed. 


A 


patient with an anterior Y2 Jefferson variant fracture was 
flaccid and comatose and eventually died. Although this pa- 
tient also had a C5 teardrop fracture, the clinical level of injury 
was at the brainstem (cervicomedullary) level related to the 
C1-C2 subluxation rather than to the teardrop fracture. In 
the third case of quadriplegia, this condition was most likely 
related to the teardrop fracture of C5 as well as to lateral 
dislocation of C5 with respect to C6. With the exception of 
the one case of bilateral anterior arch fracture with associated 
transverse ligament tear, none of the cases of transverse 
ligament tear were associated with neurologic injury even 
though instability was demonstrated on radiographs. 








Five (45%) of the 11 patients had other associated spinal 
fractures, and in three of these more than two levels of injury 
were involved (Table 1). Of the five cases, only one associated 
spinal fracture other than the Jefferson variant fracture was 
responsible for cord injury. The other four patients did not 
have cord injury related to the associated lower spinal frac- 
ture. 


Discussion 


The Jefferson variant fracture of the atlas is characterized 
by less than four breaks (vertically oriented) of the atlas ring, 
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Fig. 4.—Case 10: 13-year-old boy who had 
been in a motor vehicle accident was without 
neurologic deficit but had neck pain. This is an 
example of traumatic separation of an anterior 
arch synchondrosis. 

A, Radiograph, open mouth view, of dens 
shows bilateral offset of C1 with respect to C2 
lateral masses. The initial emergency room eval- 
uation was interpreted as possible Jefferson 
bursting fracture of the atlas. 

B, CT scan shows posterior spina bifida as 
well as separation of anterior arch synchon- 
drosis. Even on the bone window setting, he- 
matoma can be seen as a rounded soft-tissue 
density related to the synchondrosis (arrow). 


TABLE 1: Fracture Type and Clinical Findings in 11 Patients 

















Anterior Posterior a eee 
Ne pected eS Oe ee 
i Unilat. Bilat. Unilat. Bilat. 

1 58 3/4 Jefferson X X No neurologic deficit; 
dens and C5-C6 lam- 
ina Fx 

2 84 Anterior 1/2 Quadriplegia and death; 
transverse ligament 
tear 

3 29 Anterior 1/2 Quadriplegia and death; 
C5 teardrop Fx 

4 43 Anterior 1/2 No neurologic deficit; T7, 
T8, T9 compression 
Fx, Le Fort Il facial Fx 

5 47 Anterior 1/2 No neurologic deficit; 
C7-T1 Fx dislocation 

6 25 Ipsilateral hemi-ring X X No neurologic deficit 

7 27 Ipsilateral hemi-ring X X C5 level quadriplegia; C5 
teardrop fracture and 
lateral C5-C6 disloca- 
tion; C2 hangman's 
fracture; transverse 
ligament tear 

8 35 Ipsilateral hemi-ring X X No neurologic deficit; 
transverse ligament 
tear 

9 78 Contralateral hemi- X X No neurologic deficit; 

ring transverse ligament 
tear 
10 13 Anterior synchon- X No neurologic deficit; 
drosis Fx posterior arch bifida 
11 22 Unilateral arch Fx X No neurologic deficit; 
transverse ligament 
tear 


Note.—Fx = fracture. 


and transverse ligament tear is a significant associated injury. 
The fractures occur in the same four sites as those encoun- 
tered with the classical Jefferson fracture—at the junctions 
of the anterior and posterior arches with the lateral masses, 
the thinnest portions of the atlas ring [1]. Jefferson variant 
fractures probably occur by the same bursting mechanism as 
the classical Jefferson fracture. Transverse ligament tear 
likewise is an injury associated with the classical Jefferson 
fracture. 

Atlas instability occurs if the anterior bony ring or the 
posterior ligamentous ring is disrupted. In the former (bilateral 


anterior arch fractures), posterior dislocation of the head may 
occur, and in the latter (transverse ligament tear) anterior 
dislocation may occur. Isolated unilateral and bilateral poste- 
rior arch fractures are not clinically significant, since only the 
posterior bony ring and not the posterior ligamentous ring is 
involved. In fact, the posterior ring may even be aplastic 
without causing instability at the C1-C2 level. 

Until CT evaluation of cervical spine trauma became routine, 
only the unilateral and bilateral posterior arch fractures of the 
atlas had been recognized. More recently, the bilateral ante- 
rior arch fractures [2, 10], the 34 Jefferson variant [11, 12], 


AJR:158, January 1992 


TABLE 2: Lateral Mass Offset Measurements 





OMV C1-C2 
Widening Lateral 
Case Type of Transverse 
No. (mm) Offset (mm) ers Ligament Tear 
Right Left Right Left 
1 3 5 -— 1 3/4 Jefferson 
2 17 3 7 — Anterior 1/2 Yes 
3 5 6 1 — Anterior 1/2 
4 5 3 3 — Anterior 1/2 
5 5 8 4 — Anterior 1/2 
6 4 8 -— 4 Hemi-ring 
7 9 14 4 5 Hemi-ring Yes 
8 9 8 3 3 Hemi-ring Yes 
9 19 9 TD 7.5  Hemi-ring Yes 
10 7 7 3 3 Synchondrosis 
11 14 8 3 3 Unilateral pos- Yes 


terior 
SSS a SS a) 
Note.—OMV widening = space between the dens and the medial margin of 
the C1 lateral mass on the open mouth view; C1-C2 lateral offset = outward 
or lateral overhang of the C1 with respect to the C2 lateral mass on the open 
mouth view; type of fracture = see Table 1 for full description. 


and the hemi-ring Jefferson variant patterns have also been 
reported [4, 12-15]. 

The most unstable Jefferson variant fracture has a pattern 
of bilateral anterior arch fractures that allows posterior C1- 
C2 dislocation to occur. Severe cord injury occurred in two 
of our patients, with autopsy documentation of near cord 
transection in one. Of the previously reported cases of bilat- 
eral anterior arch fractures only two of eight were neurologi- 
cally intact [2, 10], one died, two were monoplegic, one was 
dysphagic, one had severe occipital neuralgia but no neuro- 
logic symptoms, and the clinical status in one was not known. 

This is in contrast to the classic Jefferson fracture, in which 
no neurologic injuries have been reported in cases where the 
Jefferson fracture is the only injury [1-4]. Jefferson’s review 
of eight atlas fractures of the classical Jefferson type revealed 
no neurologic injury in four cases, but the clinical status was 
not known in the fifth case. In the other three cases, two 
patients had monoplegia, most likely resulting from associated 
dens fractures, and one patient had a C6 quadriplegia result- 
ing from an associated C6 body fracture. Plaut [16] also 
added an additional four cases of the classic Jefferson type, 
of which two patients had quadriplegia and eventually died, 
most likely consequent to associated dens fractures, and the 
other two had no neurologic deficits. 

Another pattern with potential instability is the hemi-ring 
type that occurs with fractures of the anterior and posterior 
arches. The majority of cases that we encountered with this 
pattern (three of four) had associated transverse ligament 
tears, which is a recognized, unstable injury. This pattern 
results from lateral spread of the two halves of the bony ring 
by trauma. Other reports of the hemi-ring pattern of atlas 
fractures describe bilateral, outward offset of the C1 lateral 
masses [12-15, 17], which would suggest ring widening and 
possibly transverse ligament tear. However, none of these 
cases was reported to have neurologic injury. 

Tear of the transverse ligament was first suggested by 
Spence et al. [3] as an associated component of the classical 
Jefferson fracture, and probably occurs with the hemi-ring 
Jefferson variant fracture as well. The injuring forces produce 
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outward propulsion of the bony fragments in a centrifugal 
fashion, widening the atlas ring. Spence et al. demonstrated 
on cadaver spines that ring widening of greater than 5.7 mm 
occurred in the Jefferson fracture. Fielding et al. [9] demon- 
strated that if the ring widening exceeded 6.9 mm, tear of the 
transverse ligament would occur. 

It is difficult to determine the frequency of transverse liga- 
ment tear occurring with the classical Jefferson fracture. As 
Fielding pointed out, the majority of mechanically induced 
transverse ligament tears on cadavers occur within the body 
of the ligament, and less often fracture the transverse liga- 
ment tubercle [9]. Unless flexion-extension radiographs doc- 
ument widening of the predental space, there is no reason to 
suspect transverse ligament tear if there is no bony avulsion. 

Jefferson did not discuss the presence of transverse liga- 
ment tear in his review of atlas fractures. Gehweiler et al. [2] 
reported three of seven classic Jefferson fractures with as- 
sociated transverse ligament tear. Baumgarten et al. [4] also 
reported one case of a classic Jefferson fracture with a 
transverse ligament tear. Our one case of a Jefferson fracture 
also had a transverse ligament tear. 

It is even more difficult to determine the frequency of 
transverse ligament tears associated with the Jefferson var- 
iant fractures, since none of the reports of such cases com- 
ment about the transverse ligament. From our small series it 
would appear that transverse ligament tear is common and 
occurs more often with the hemi-ring pattern. 

The isolated single and bilateral posterior arch Jefferson 
variant fractures are stable and are not associated with neu- 
rologic injury. Our case of a 3⁄4 Jefferson variant fracture was 
also stable, since there was only one break in the anterior 
arch. The bilateral posterior arch breaks were not significant. 
However, the pattern of bilateral anterior arch plus a unilateral 
posterior arch fracture in a % Jefferson variant fracture would 
most likely be unstable and have the same significance as the 
anterior V2 pattern. 

All the Jefferson variant fractures demonstrated either uni- 
lateral or bilateral offset of the C1 with respect to the C2 
lateral masses on the open mouth view of the dens. Bilateral 
offset and a greater than 4-mm difference between the dens 
and C1 lateral mass spaces on the open mouth view occurred 
most often with the hemi-ring pattern with associated trans- 
verse ligament tear. 

On the lateral radiographs, the pattern of C1 spinolaminal 
line displacement separated the bilateral anterior arch fracture 
pattern from those with transverse ligament tears. With the 
bilateral anterior arch fractures there is posterior dislocation 
of the cranium and posterior arch of C1 with respect to C2, 
and therefore, of the spinolaminal line. However, there is no 
displacement of the anterior arch with respect to the dens 
(Fig. 2). With transverse ligament tears the spinolaminal line 
is displaced anteriorly as are the cranium and atlas with 
respect to C2. 

Identification of a posterior arch fracture of C1 on the plain 
radiographs does not mean that no further radiologic studies 
are needed, since it may be associated with other injuries of 
C1 that are not readily visible. Asymmetry on the open mouth 
view of the dens is a nonspecific finding and can occur without 
cervical injury. 
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In summary, the unstable Jefferson variant fracture has 
fewer than four breaks in the atlas ring and probably occurs 
by the same fracture mechanism as the classic Jefferson 
fracture. It may occur with transverse ligament tear, and the 
anterior 2 (bilateral anterior arch fracture) pattern has the 
most potential for severe cord injury. In contrast to the 
classical Jefferson fracture, the unstable Jefferson variant 
fracture is more often associated with neurologic injury. It 
may also be associated with other, multiple-level spinal inju- 
ries. The plain radiographs are often unremarkable, and the 
diagnosis can only be made with certainty on CT. 
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Hemophilia: Evaluation of Musculoskeletal Involvement 
with CT, Sonography, and MR Imaging 


George Hermann,' Marvin S. Gilbert,? and |. Fikry Abdelwahab' 


The purpose of this essay is to illustrate features of the mus- 
culoskeletal complications of hemophilia as shown by CT, sonog- 
raphy, and MR imaging. MR can be used to detect early synovial 
and cartilaginous changes that may not be evident on conven- 
tional radiography and to differentiate between acute and chronic 
bleeding in soft tissues. CT is useful in evaluating subtle bony 
erosion and intra- and extraosseous pseudotumors. Sonography 
is valuable in following progression and regression of soft-tissue 
hematomas. 


Hemophilia is a defect in coagulation by a deficiency of 
clotting factor or clotting that is nonfunctional. Deficiencies of 
factor VIII (antihemophilic factor) lead to classic hemophilia 
(hemophilia A), and deficiencies of factor IX (plasma prothrom- 
boplastin component) lead to Christmas disease (hemophilia 
B). These genetic disorders are X-linked recessive. They 
primarily affect males, but are transmitted by females. The 
prevalence of hemophilia in the United States is 1:10,000 for 
factor VIII deficiency and 1:50,000 to 1:100,000 for factor IX 
deficiency [1]. The clinical and radiologic features of patients 
with classic hemophilia and Christmas disease are virtually 
identical. Hemorrhage most often occurs in the synovial joints. 
In descending order, the knee, ankle, elbow, shoulder, and 
hip are involved [1]. 

Repetitive bleeding into the musculoskeletal system is the 
most common complication of both conditions. Bleeding into 
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the joints leads to hemophilic arthropathy. Bleeding into mus- 
cles causes joint contractures, and bleeding into bone and 
adjacent soft tissues results in osseous and soft-tissue 
pseudotumors. 


Hemophilic Arthropathy 


Repeated bleeding into the joints often occurs in the first 
decade of life. Joint degeneration is progressive, and although 
early treatment can slow the process, destruction of the joint 
is unavoidable. Sonography, CT, and MR imaging each have 
specific advantages as diagnostic tools. Although they all can 
be used to evaluate soft-tissue masses, intraarticular proc- 
esses are best assessed by using MR. MR is capable of 
showing synovial abnormalities, ligamentous tears, periartic- 
ular bleeding, cartilaginous and osseous abrasions, and joint 
space narrowing [2]. 

Hypertrophied synovia resulting from repeated intraarticular 
bleeding has low signal intensity on T1-weighted spin-echo 
(SE) MR images (e.g., 500/20 [TR/TE]) and intermediate 
signal intensity on T2-weighted images (e.g., 1600/80) (Fig. 
1). Cartilage has low signal intensity on both T1- and T2- 
weighted images [3] (Fig. 2). 

Hemorrhage first causes thickening of the synovia and later 
leads to thinning of the cartilage. As long as the subchondral 
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Fig. 1.—22-year-old hemophiliac with hemo- 
philic arthropathy of right knee. MR image snows 
extremely hypertrophied synovial tissue (arrow- 
heads) with intermediate signal intensity and ero- 
sions of patella. Posterior cruciate ligament (ar- 
row) is stretched but intact. 





A 


Fig. 3.— 13-year-old hemophiliac with mild knee 
pain. Plain radiograph was normal. MR image 
shows thinning of femoral cartilage with irregular 
outline. 





Fig. 2.—32-year-old hemophiliac with hemophilic arthropathy. 

A and B, Proton density-weighted (SE 1600/30) (A) and T2-weighted (SE 1600/80) (B) MR images 
show decreased signal intensity, which represents subarticular lesion, detached cartilage (open 
arrows), and fibrosis. Femoral condyle is thinned and eroded. Synovium is thickened. Bright signal 
in B (solid arrows) indicates effusion. 





Fig. 4.— 18-year-old hemophiliac with severe repeated hemarthrosis. 

A and B, Relatively T1-weighted (SE 500/20) coronal MR image (A) of knee shows enlarged 
epiphyses. Articular surface is destroyed. Large subarticular cyst formation is present on medial 
side (A, arrowheads). Central area of low signal intensity in A (arrow) is surrounded by high-signal- 


intensity structure that remains bright on T2-weighted (SE 2300/80) image (B, short wide arrow). 
Arrowheads in B point to bloody fluid. Femoral condyle shows subarticular defect as well (B, long 


thin arrows). 


bone is intact, findings on conventional radiographs are nor- 
mal. MR is capable of detecting early erosion of the cartilage 
(Fig. 3). Subchondral cysts usually develop at the weight- 
bearing area as a result of fissuring of the articular cartilage. 
Fluid may penetrate from the joint into the cyst [3]. MR 
imaging can be used to differentiate blood in the cyst from 
clear fluid before the cyst becomes obvious on the plain 
radiographs (Figs. 4 and 5). Bone cysts caused by trabecular 
bone resorption are well visualized on CT (Fig. 6). 


Soft-Tissue Hematomas 


Bleeding into the large muscles is common. The most 
commonly involved muscles are the iliopsoas quadriceps and 
gastrocnemius. A permanent contraction results if the hema- 
toma is replaced by fibrous tissue. When bleeding in a large 
muscle fails to resolve, it becomes encapsulated and forms a 
pseudotumor. 

Because sonography is convenient, inexpensive, and in- 
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Fig. 5.—42-year-old patient with severe hemo- 
philia. Moderately T1-weighted (SE 800/20) coro- 
nal MR image shows depression of medial plateau. 
Large area of destruction laterally (arrow) was not 
seen on conventional radiograph. 


Fig. 6.—26-year-old man with recurrent hemar- 
throsis of right shoulder. CT scan of shoulder 
shows periarticular erosion (arrow) and subarti- 
cular cystlike formation of glenoid (arrowheads). 


Fig. 7.—30-year-old hemophiliac with left-sided 
pelvic mass. 

A, Sonogram of pelvis shows echo-free lesion 
in left psoas muscle (arrow). 

B, Sonogram obtained 3 weeks after A shows 
lesion is markedly smaller (arrow). Echoes have 
increased. 


Fig. 8.—72-year-old patient with severe hemo- 
philia and numerous pseudotumors. CT scan 
shows huge mass in left iliac fossa bulging into 
abdomen. Smaller pseudotumor with dense calci- 
fication is present at right iliac fossa. 


Fig. 9.—34-year-old patient with severe hemo- 
philia and pelvic mass. CT scan of pelvis shows 
large pseudotumor in right iliac fossa. Mass dis- 
places contrast-filled bowel (solid arrows). Note 
low attenuation at center of mass (open arrow). 


8 


volves no radiation, it is the method of choice for following 
the progression and regression of soft-tissue hematomas [4] 
(Fig. 7). Hemophilic pseudotumor is a rare complication that 
occurs in 1-2% of hemophiliacs. Most develop in the muscles 
of the pelvis and lower extremity, where the large muscles 
have a rich blood supply, or in bone following intraosseous 
bleeding. 
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Sonography, CT, and MR imaging have important roles in 
detecting pseudotumors, especially when they are in the 
pelvis. CT is useful in detecting both the extent of soft-tissue 
masses and the involvement of bone. 

Pseudotumors contain coagulated blood and are sur- 
rounded by a thick wall (Fig. 8). Contrast-enhanced CT is 
useful in determining the thickness of the wall. In the acute 
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Fig. 10.—36-year-old patient with severe hemophilia and mass in thigh. 
A, CT scan of thigh shows thick-walled low-density mass. 
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B, Transaxial upside-down sonogram shows central anechoic area (arrow) with enhancement (E) of echoes behind mass, indicating fluid content. 


C, Longitudinal sonogram shows extent of mass. Irregular echoes (arrow) represent solid material. 





Fig. 11.—56-year-old hemophiliac with numer- 
ous pseudotumors. 

A, T1-weighted (SE 500/27) MR image of pelvis 
shows high-signal-intensity mass in left gluteal 
region (straight arrow). Large mass in left pelvic 
region shows inhomogeneous, mostly decreased 
signal intensity (arrowhead). 

B, T2-weighted (SE 2000/80) image. Mass in 
left gluteal region remained bright. Left-sided pel- 
vic mass shows inhomogeneous, mostly increased 
signal intensity (arrowhead). Hypointense rim of 
masses in both A and B (curved arrows) represents 
chronic pseudotumor. 


Fig. 12.—22-year-old hemophiliac with pelvic 
pseudotumor. 

A, Moderately T1-weighted MR image (SE 700/ 
24) shows well-demarcated mass with bright sig- 
nal intensity surrounded by low-signal-intensity 
mass (arrows). 

B, T2-weighted MR image (SE 2100/90) shows 
part of mass is bright (arrow). Other areas show 
decreased signal intensity, indicating presence of 
blood of different ages (arrowhead). 
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Stage, the center of the pseudotumor is hypodense on CT, 
but the periphery is isodense and indistinguishable from sur- 
rounding muscle [5] (Fig. 9). 

In the acute and subacute stages, sonography shows a 
central anechoic area with increased echoes behind the le- 
sion, caused by fluid in the pseudotumor. A distinct plane 
separates the mass from the surrounding muscles (Fig. 10). 
CT shows the thick wall more consistently than does sonog- 
raphy. Multiple irregular echoes represent solid material that 
cannot be documented on CT. Differential diagnosis from 
abscess may be difficult. 

The MR signal characteristics of soft-tissue hemorrhage 
vary with the age of the blood [2]. Hematomas in the acute 
Stage (1-6 days) have the same signal as muscle has on T1- 
weighted MR images and low signal intensity on T2-weighted 
images [6]. Subsequently, the T1 relaxation time shortens 
progressively and the signal intensity increases (Fig. 11). 

After 7 days, the peripheral portion of the hematoma be- 
comes hyperintense on T1- and T2-weighted images (Fig. 
12). The center gradually becomes hyperintense over the next 
several weeks, usually in a patchy distribution [7]. 
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The hypointense rim of a pseudotumor on both T1- and 
T2-weighted images consists of fibrous tissue that contains 
hemosiderin [6, 7] (Fig. 11). 
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Richard Herman, 1946-1991 


Richard Herman died May 24, 1991, after 
a brief illness. He was chairman of the De- 
partment of Radiology at St. Luke’s Hospital, 
Bethlehem, PA, for the past 4 years and a 
radiologist at St. Luke’s Hospital for the past 
13 years. 

Born in Pottstown, Montgomery County, 
PA, he was a 1964 graduate of Owen Rob- 
erts High School in Pottstown, a 1968 Phi 
Beta Kappa graduate of Franklin and Mar- 
shall College in Lancaster, PA, and a 1972 
graduate of the University of Pennsylvania 
School of Medicine. His residency was spent 
at Reading Hospital, and he did 2 years of 
general practice with the National Health 
Service Corporation in Spring City, TN. 

Some indication of his dedication and good 
citizenship on the medical staff of St. Luke's 


Hospital and his commitment to his church 
and his community is evidenced by his mem- 
bership on committees of the medical staff. 
He served as president of the medical staff 
during 1985 and 1986, was chairman of the 
executive committee, and served on the fol- 
lowing committees: continuing medical edu- 
cation, bylaws, nominating, planning and sci- 
entific advancement, quality assessment, 
joint planning and policy, Medisgroup task 
force, safety, tumor, utilization review, tissue, 
and staff development. He also chaired the 
impaired physicians committee. 

He was active in his church as well as 
being an elder in the Central Moravian 
Church, Bethlehem, PA. He was instrumental 
in forwarding the aims of the pastoral care 
department at St. Luke's Hospital and served 


Memorial 





as medical director of the radiology depart- 
ment at the Northhampton County Area 
Community College and was a member of 
the college's foundation board as well as 
serving on the steering committee of the 
Transitional Living Center of the Moravian 
Church. It was a tribute to Dr. Herman's 
caring for people that he was the first person 
to be approached to serve on any committee 
that required sensitivity and concern for pa- 
tients, people, and the individual. 

He continued to work daily in the depart- 
ment of radiology despite the toll taken by 
his chemotherapy treatments. His passing is 
mourned by his colleagues, his community, 
and his hospital. 

Bethlehem Radiologist Associates 
Bethlehem, PA 18017 


J. ©. Jaile’ 

T. Levin? 

J. T. Wung' 

S. J. Abramson? 
C. Ruzal-Shapiro? 
W. E. Berdon? 


Received April 12, 1991; accepted after revision 
August 16, 1991. 


' Department of Neonatology, Babies Hospital, 
Columbia Presbyterian Hospital, Columbia College 
of Physicians & Surgeons, New York, NY 10032. 


* Department of Radiology, Babies Hospital, Co- 
lumbia Presbyterian Hospital, Columbia College of 
Physicians & Surgeons, New York, NY 10032. Ad- 
dress reprint requests to W. E. Berdon. 


0361-803X/92/1581-0125 
© American Roentgen Ray Society 


125 


Benign Gaseous Distension of the 
Bowel in Premature Infants 
Treated with Nasal Continuous 
Airway Pressure: A Study of 
Contributing Factors 





Continuous positive airway pressure (CPAP) administered as a mixture of oxygen and 
compressed air via nasal prongs has dramatically improved survival rates and lessened 
the frequency of barotrauma and bronchopulmonary dysplasia in the premature infant 
with respiratory distress syndrome. Associated with the increased use of nasal CPAP 
has been the development of marked bowel distension (CPAP belly syndrome), which 
occurs as the infant’s respiratory status improves and the baby becomes more vigorous. 
To identify contributing factors, we prospectively compared 25 premature infants treated 
with nasal CPAP with 29 premature infants not treated with nasal CPAP. Infants were 
followed up for development of distension, defined clinically as bulging flanks, increased 
abdominal girth, and visibly dilated intestinal loops. We evaluated birth weight, weight 
at time of distension, method of feeding (oral, orogastric tube), and treatment with nasal 
CPAP and correlated these factors with radiologic findings. Of the infants who received 
nasal CPAP therapy, gaseous bowel distension developed in 83% (10/12) of infants 
weighing less than 1000 g, but in only 14% (2/14) of those weighing at least 1000 g. 
Only 10% (3/29) of infants not treated with nasal CPAP had distension, and all three 
weighed less than 1000 g. Presence of sepsis and method of feeding did not correlate 
with occurrence of distension. Neither necrotizing enterocolitis nor bowel obstruction 
developed in any of the patients with a diagnosis of CPAP belly syndrome. 

Our study shows that nasal CPAP, aerophagia, and immaturity of bowel motility in 
very small infants were the major contributors to the development of benign gaseous 
bowel distension. 


AJR 158:125-127, January 1992 


Nasal continuous positive airway pressure (nasal CPAP) provides a continuous 
mixture of oxygen and compressed air via nasal prongs at a given pressure to 
increase functional residual capacity and prevent expiratory collapse. Nasal CPAP 
has become the preferred initial mode of ventilatory support at our hospital for 
neonates with respiratory distress of various origins [1, 2]. As a consequence, the 
frequency and severity of bronchopulmonary dysplasia in infants of very low birth 
weight have markedly decreased [3]. 

We have commonly noted marked gaseous bowel distension in infants treated 
with nasal CPAP, and have termed this condition the CPAP belly syndrome. These 
infants do not have abdominal distension at birth, but after treatment with nasal 
CPAP for a period of 4-7 days soft, strikingly distended abdomens and visibly 
dilated loops develop. Findings on radiographs invariably include uniform dilatation 
of small-bowel and large-bowel loops without evidence of thickening of the bowel 
wall, pneumatosis, or free air. The purpose of this study is to identify factors that 
contribute to the development of this striking but benign bowel distension. 


Subjects and Methods 


We prospectively studied a nonrandomized group of all premature infants weighing less 
than 2000 g at birth who were admitted to the neonatal intensive care unit during a 10-week 
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period. In all, 54 infants were studied. Of this group, 25 infants 
received CPAP therapy via nasal prongs and 29 infants did not. One 
infant who received nasal CPAP postoperatively after repair of a 
midgut volvulus was excluded from the study. Intubated infants who 
met birth weight criteria were not entered into the study until after 
extubation. Nasal CPAP was administered via a two-prong nasal 
cannula through which a continuous mixture of oxygen and com- 
pressed air was provided. Flow rates ranging from 5 to 7 min were 
controlled via a flow meter; the oxygen air mixture was humidified 
and heated via a Bennett No. 1750 (Carlsbad, CA) cascade. A positive 
alveolar pressure of 5 cm of water was achieved by immersing the 
distal expiratory tubing in a 0.25% acetic acid solution at a depth of 
5 cm. Fractionation of inspiratory oxygen was controlled by an oxygen 
blender. 

Factors evaluated in the study included whether the infant received 
nasal CPAP and whether the infant was fed orally or by continuous 
or intermittent orogastric tube feedings. Also evaluated were birth 
weight, weight at time of distension, and the presence of sepsis. 
These factors were correlated with the occurrence of gaseous dis- 
tension, including visible dilatation of bowel loops and increased 
abdominal girth. Supine abdominal radiographs were obtained on the 
basis of the clinical diagnosis of abdominal distension. Radiographs 
were evaluated to determine the degree and extent of bowel disten- 
sion and to exclude free air, pneumatosis, or bowel-loop separation. 


Results 


Of the 25 infants treated with nasal CPAP, gaseous bowel 
distension developed in 83% (10/12) of the infants who 
weighed less than 1000 g. Birth weight in this group ranged 
from 525 g to 990 g, with a mean of 751 g. Gaseous bowel 
distension developed in only 17% (2/12) of infants who 
weighed more than 1000 g. These two infants had birth 
weights of 1565 g and 1545 g, respectively. Typical radio- 
graphic features included uniform dilatation of both small- and 
large-bowel loops (Fig. 1) and, in some, air within the hypo- 
pharynx and esophagus (Fig. 2). Findings of necrotizing en- 
terocolitis or bowel obstruction such as bowel-loop separa- 
tion, pneumatosis, segmental dilatation of bowel loops, and 
free air were absent in all cases. 
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In contrast, of the 13 infants treated with nasal CPAP in 
whom gaseous distension did not develop, only one weighed 
less than 1000 g at birth and during the study period. The 
remainder had birth weights ranging from 1040 g to 1535 g, 
with a mean birth weight of 1309 g. 

Of the 12 infants with distension while being treated with 
CPAP, 10 were fed by either intermittent or continuous oro- 
gastric tube feeding. Seven infants continued to be fed despite 
distension. In the three infants from whom food was tempo- 
rarily withheld, feeding intolerance (defined by increased re- 
sidual gastric volume on orogastric tube aspiration performed 
3 hr after feeding) occurred in two and sepsis occurred in the 
third. In all infants distension resolved without sequelae. 

Of the 29 infants not receiving nasal CPAP during the study 
period, gaseous bowel distension indistinguishable from 
CPAP belly syndrome developed in only three. Each of these 
three infants weighed less than 1000 g during the study 
period; their birth weights were 475 g, 690 g, and 960 g, 
respectively. Of the remaining 26 infants in whom distension 
did not develop, 20 had birth weights greater than 1000 g 
and the remaining six infants had birth weights less than 1000 
g. Overall, a total of 20 infants had birth weights of less than 
1000 g; 11 of them received nasal CPAP therapy and nine 
did not. Gaseous bowel distension developed in 91% (10/11) 
of the infants who received nasal CPAP therapy, and in 33% 
(3/9) of those who did not receive nasal CPAP therapy. 

There was no increase in the occurrence of sepsis in the 
patients diagnosed with CPAP belly syndrome; only one 
patient had a positive blood culture. 


Discussion 


We believe nasal CPAP therapy itself is a significant factor 
in the development of gaseous bowel distension in very small 
premature infants. During the study period, distension oc- 
curred in approximately 50% of all infants who received nasal 
CPAP therapy and in 91% of those who weighed less than 
1000 g. In contrast, distension occurred in only a small 
percentage of the neonates in our study population who did 


Fig. 1.—Radiograph shows uniform gaseous 
distension of bowel, including stomach, in a 3- 
week-old neonate treated with nasal continuous 
positive airway pressure. 


Fig. 2.—Radiograph shows gaseous disten- 
sion of hypopharynx, esophagus, and gastroin- 
testinal tract in a patient being treated with nasal 
continuous positive airway pressure. 
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not receive nasal CPAP therapy. Infants who weighed less 
than 1000 g were more likely than those who weighed more 
to get gaseous distension while being treated with nasal 
CPAP. We postulate that the correlation between low birth 
weight and CPAP belly syndrome is related to a functional 
immaturity of bowel motility in the premature infant. Nasal 
CPAP itself contributes to aerophagia (Fig. 2) and gaseous 
bowel distension, although the exact causative mechanism of 
CPAP belly syndrome is probably multifactorial. 

In our experience, the development of CPAP belly syn- 
drome is episodic. It is not clear to us why infants in whom 
CPAP belly syndrome develops during nasal CPAP treatment 
have periods during which they seem better able to tolerate 
this therapy and do not experience distension. Characteristi- 
cally, the distension does not occur in the first few days after 
birth when the infant is clinically depressed and relatively 
inactive. The development of distension parallels improve- 
ment in clinical status with increased activity of the infant, and 
may be an active rather than a passive process. As the infant 
matures, episodes of distension become less frequent. Sur- 
prisingly, feeding intolerance is an uncommon accompanying 
feature of CPAP belly syndrome and occurred transiently in 
only a small percentage of our patients. Treatment for those 
infants in whom distension persisted included glycerin sup- 
positories and/or rectal stimulation. 

Abdominal distension that was radiologically and clinically 
indistinguishable from CPAP belly syndrome developed in 
three infants, all weighing less than 1000 g, who were not 
being treated with nasal CPAP. Aerophagia from other causes 
may have contributed to gaseous distension in these very 
low birth weight infants whose immature bowel was unable 
to compensate for increased amounts of swallowed air. 
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The clinical and radiologic findings of marked bowel disten- 
sion initially may suggest a more pathologic condition such 
as obstruction. Important in the assessment of the radio- 
graphs is correlation with the infant’s clinical status. CPAP 
belly syndrome should also be distinguished from microcolon 
of prematurity, in which the infant fails to pass meconium and 
has continuous abdominal distension starting at birth. In these 
infants the colon is very small and distension is in the small 
bowel [4]. 

The common occurrence of the previously unreported entity 
of CPAP belly syndrome in our neonatal intensive care unit 
reflects our aggressive use of nasal CPAP therapy (rather 
than intubation) even in infants of very low birth weight. As 
more institutions adopt nasal CPAP as the preferred mode of 
ventilatory support in these very immature infants, CPAP belly 
syndrome will be seen more frequently. We emphasize that 
CPAP belly syndrome is a benign entity and not a contrain- 
dication to feeding or to the continued use of nasal CPAP 
therapy. Awareness of this entity may prevent unnecessary 
contrast studies and surgery. 
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Book Review 





Pediatric Sonography. Edited by Marilyn J. Siegel. New York: Raven, 419 pp., 1991. $125 


Marilyn Siegel and her colleagues at the Mallinckrodt Institute of 
Radiology have produced a comprehensive and authoritative book 
on pediatric sonography. The book contains 13 chapters: physical 
principles and instrumentation; brain; neck; chest; liver and biliary 
tract; spleen and peritoneal cavity; gastrointestinal tract; adrenal 
glands, pancreas, and other retroperitoneal structures; urinary tract; 
female pelvis; male genital tract; musculoskeletal system and spine; 
and interventional procedures. Six of these were written by the editor. 
The book excludes echocardiography and covers obstetric sonogra- 
phy briefly (early gestation, ectopic pregnancy, and trophoblastic 
disease only). Intraoperative sonography is not covered. Doppler 
techniques are referred to in the appropriate sections; this is a rapidly 
expanding area in sonography, and newer applications with far- 
reaching possibilities are being reported almost monthly. Technical 
aspects of Doppler sonography are covered briefly (about one page) 
and without any discussion about the technique’s specific usefulness 
and limitations in infants and children. The grouping of all color 
Doppler illustrations away from the relevant text is also an inconven- 
lence. 

The book is heavily weighted toward common sonographic ex- 
aminations performed by pediatric radiologists or general radiologists 
involved in the care of children. A major strength of the book is, 
therefore, that it is practical and packed with information. It has plenty 
of large, excellent-quality illustrations, with the anatomic landmarks 
and abnormalities clearly shown and well annotated. In fact, because 
the text is often short and the illustrations large and with long legends, 
the format is closer to that of an atlas. For the most part, the 
descriptions of the diseases covered have little depth; this is com- 
pensated for, however, by an extensive and up-to-date bibliography. 

As for specific comments, the section on the neonatal brain con- 
tains the statement that intracranial hemorrhage is as high as 40% 
among preterm infants, although recently all centers have experi- 
enced a significant decline of that rate (Philip et al., Pediatrics 


1989:84:797-801). The chapter on the neck features good anatomic 
drawings, excellent images of normal structures, and appropriate 
emphasis on the difficulty in making a specific diagnosis. However, | 
take issue with the statement that solid benign thyroid lesions should 
be excised. The chapter on the chest has excellent illustrations of 
the vessels in the mediastinum and good descriptions of congenital 
lesions. The limited value of sonography compared with other imaging 
techniques for the evaluation of solid mediastinal masses could be 
emphasized more. 

Dr. Siegel states in her preface that the book is intended primarily 
for radiologists in training and those in clinical practice. My minor 
criticisms therefore do not detract from the usefulness of the book 
for radiology residents, fellows in pediatric radiology, and those in 
radiologic practice who deal with imaging of infants and children. | 
found the book useful as a quick reference, as a refresher for the 
sonographic findings of a certain entity, and as a source of literature 
for further study. The value of the book for those in training would 
be enhanced if tables grouping diagnostic similarities or differences 
useful in differential diagnosis were included. 

In general, all chapters are well written, and both the editor and 
her colleagues demonstrate their knowledge, experience, and ease 
with diagnostic sonography. This book is an excellent source of 
information on pediatric sonography and will be extremely valuable 
not only to those entering the field but also to current practitioners of 
pediatric sonography. The book will also serve well all those clinicians 
who care for children, such as pediatric surgeons, pediatric urologists, 
and so on. Overall, this is the latest addition to the books dedicated 
entirely to the use of sonography in the imaging of children, and | 
fully recommend purchase of this attractive volume. 
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Sonography of Hypertrophic 
Pyloric Stenosis: Frequency and Cause 
of Nonuniform Echogenicity of the 
Thickened Pyloric Muscle 





In hypertrophic pyloric stenosis, the muscle is typically described as hypoechoic on 
sonography. However, we have frequently noted a nonuniform pattern; the pyloric muscle 
seen in the transverse plane is more echogenic in the near and far fields and less 
echogenic on the sides. The muscle also appears almost as echogenic as the liver on 
midline longitudinal sonograms. To establish the frequency of these findings, we 
reviewed the sonograms of 71 infants with hypertrophic pyloric stenosis. The muscle 
was imaged directly during surgery in three patients. In an in vitro experiment, muscle 
arranged to simulate the pyloric ring was scanned in a water bath. Then, using two 
sections of muscle, we compared the echogenicity when scanning in a plane perpendic- 
ular to the long axis of the muscle fibers with that seen with the beam parallel to the 
long axis of the muscle fibers. In the transverse plane, nonuniform echogenicity of the 
pyloric muscle was seen in 59 (98%) of 60 patients. In the midline longitudinal plane, 
the muscle was equal to or slightly less echogenic than the liver in all patients. Both the 
in vivo and in vitro studies show that the echogenicity varies with the relationship of the 
ultrasound beam to the orientation of the circular muscle fibers; this phenomenon is 
known as the anisotropic effect. 

Our results show that nonuniform echogenicity of the hypertrophied pyloric muscle is 
a characteristic sonographic finding caused by the anisotropic effect, which is related 
to the orientation of the ultrasound beam with respect to the circular fibers of the pyloric 
muscle. 
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The classic real-time sonographic appearance of hypertrophic pyloric stenosis is 
a hypoechoic ring surrounding central bright echoes when the muscle is scanned 
in a transverse plane [1-7]. In the longitudinal plane, the cylindrical muscle is 
hypoechoic relative to the liver [5, 7]. We have found that the muscle is not always 
uniform in echogenicity in the transverse plane; the near and far fields are more 
echogenic than the sides are (Fig. 1). In the longitudinal plane, the muscle is 
frequently quite echogenic, sometimes indistinguishable from adjacent liver (Fig. 
2). Similar observations have been made by Bowen [7] and Swischuk [8]. The 
goals of our study were to document the frequency of nonuniform echogenicity of 
the hypertrophied pyloric muscle and to explain this finding. 


Materials and Methods 


Sonograms of the pyloric muscle in 71 infants with surgically proved hypertrophic pyloric 
Stenosis were reviewed by two pediatric radiologists. No statistical difference was found 
between observers; therefore, results of one are reported for simplicity. All sonographic 
Studies were performed by using real-time, 5-MHz sector and linear-array transducers (ATL 
Ultramark IV and Acuson 128 units). The sonograms were judged for technical quality, and 
those without adequate transverse and longitudinal views were excluded (11 patients). On 
midline longitudinal views, the echogenicity of the muscle was noted and recorded as less 
than, equal to, or greater than that of the adjacent liver. On the transverse views, the presence 
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of nonuniform or uniform echogenicity was noted. The echogenicity 
of the sides of the ring was then compared with the echogenicity of 
the muscle in the midline longitudinal plane. The maximal thickness 
of the muscle was measured in both transverse and longitudinal 
planes. 

In three patients, intraoperative sonography was used specifically 
to allow accurate cross-sectional imaging from various points around 
the circumference of the pyloric muscle and to compare these images 
with the preoperative transverse images. The sonograms were ob- 
tained by using a sterile standoff pad, which was placed directly on 
the pyloric muscle after the muscle was extracted through an abdom- 
inal incision. The transducer was rotated approximately 180° around 
the muscle in the transverse plane, and multiple images were obtained 
and recorded. 

An in vitro experiment was designed in which a piece of long 
muscle from a cow's leg was used. First, the muscle was wrapped 
and secured in a circular fashion to simulate the hypertrophied pyloric 
muscle, and then it was suspended in a water bath. The muscle was 
scanned with a transducer orientation designed to reproduce the 
customary transverse pyloric image. Second, two pieces of muscle 
were placed closely side by side, one with the muscle fibers oriented 
along a horizontal plane and the other with the fibers oriented along 
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Fig. 1.—A-C, Three examples of nonuniform echogenicity of pyloric muscle on transverse sonograms. Muscle appears more echogenic in near and far 
fields (straight arrows) and hypoechoic on sides (curved arrows). 


Fig. 2.—A and B, Two sonograms of pyloric 
muscle imaged in midline longitudinal plane. 
Muscle (arrows) is echogenic, similar to echo- 
genicity of adjacent liver (L). 


a vertical plane. These pieces were scanned simultaneously through 
a standoff pad to judge the relative echogenicity of the two muscle 
bundles oriented at right angles to each other. 


Results 


A nonuniform acoustic ring was observed on at least one 
sonogram when the pyloric muscle was scanned in the trans- 
verse plane in 98% (59/60) of the patients. The muscle 
appeared more echogenic in the near and far fields and 
hypoechoic on the sides (Fig. 1). In all patients with a non- 
uniform ring, the sides of the muscle were less echogenic 
than the muscle as seen in midline longitudinal view. In 19 of 
the 59 patients with a nonuniform ring, a uniform ring was 
seen on other sonograms; in one patient, all sonograms 
showed a uniform ring. The echogenicity of the muscle in a 
midline longitudinal image was equal to or only slightly less 
than adjacent liver in all patients (Fig. 2). 

The intraoperative scans confirmed the appearance of a 
nonuniform ring when the pyloric muscle was imaged in the 
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transverse plane. As the transducer was rotated around the 
muscle, the near and far fields were consistently more echo- 
genic than the sides of the muscle (Fig. 3). 

When the hypertrophied circular muscle of the pylorus was 
simulated in vitro, the nonuniform appearance was again seen 
(Fig. 4A). When the muscle pieces, one in longitudinal section 
and the other in cross section, were scanned side by side, 
the image produced allowed ready comparison of echoge- 
nicity. The more echogenic appearance, corresponding to the 
near and far fields of the pyloric muscle, was seen when the 
muscle was oriented longitudinally and the ultrasound beam 
was perpendicular to the fibers. When the muscle was 
scanned in cross section with the ultrasound beam parallel to 
the fibers, it had a relatively hypoechoic appearance (Fig. 4B). 


Discussion 


Our results show that a nonuniform acoustic ring is a 
frequent, reproducible sonographic finding in most infants 
with hypertrophic pyloric stenosis. Although this appearance 
has rarely been described, some published images of the 
hypertrophied pyloric muscle show this sign [6, 9]. 

We considered various explanations for this finding. The 
finding was independent of the type of equipment (i.e., trans- 


Fig. 3.—A-D, Intraoperative sonograms ob- 
tained by scanning through standoff pad (S) 
placed directly on pyloric muscle (arrows) after 
its extraction through an abdominal incision. 
Transducer was rotated 180° around pyloric 
muscle, showing that relationship between 
echogenicity of muscle and orientation of trans- 
ducer is constant. 
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ducer size or type), as this varied. Inherent differences in the 
muscle echogenicity pattern or asymmetry of the muscle itself 
were excluded by the intraoperative scanning, which showed 
that as the transducer was rotated around the muscle, the 
echogenicity of the muscle changed but the acoustic pattern 
remained constant in relation to the position of the transducer. 

The best explanation for this phenomenon concerns the 
interaction of the ultrasound beam with the circular muscle 
fibers of the pyloric wall. Both Bowen [7] and Swischuk [8] 
suggested that the echogenicity of the muscle depends on 
the relationship of the ultrasound beam to the circular muscle: 
however, neither author further examined this theory. When 
the ultrasound beam is perpendicular to the muscle fibers. 
more interfaces between muscle fibers are traversed, result- 
ing in a more echogenic appearance. When the beam is 
parallel to the muscle fibers, fewer interfaces are traversed. 
and the appearance of the muscle is less echogenic (Fig. 5). 
This property, known as the anisotropic effect or the variation 
of echogenicity, depending on the orientation of the sound 
beam relative to the tissue being insonated, has been ob- 
served in the heart, skeletal muscle, tendons, and renal cortex 
[10-13]. The hyperechoic appearance of the near and far 
fields on the intraoperative scans and the findings in the in 
vitro study are consistent with this anisotropic effect. 
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Fig. 5.—Drawing of pyloric muscle shows that ultrasound beam tra- 
verses more muscle fiber interfaces in near and far fields (long arrow) 
than on sides (short arrows). 


Review of the sonograms in our study did occasionally 
show a uniform ring. We postulate that when the ring is 
uniformly hypoechoic, the scanning plane is oblique, allowing 
more sound transmission in the near and far fields and rela- 
tively less through the sides of the muscle; however, this 
theory was not further tested. Although the initial focus of 
investigation was the appearance of the muscle in the trans- 
verse plane, we found that the anisotropic effect also explains 
the variable echogenicity of the pyloric circular muscle when 
it is imaged in the longitudinal plane. In a midline longitudinal 
section, the ultrasound beam, which is perpendicular to the 
muscle fibers, passes through the portions of the pyloric 
muscle corresponding to the echogenic near and far fields 
seen in transverse views. The echogenicity of the muscle 
thus more closely approximates that of the liver. We have 
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Fig. 4.—Sonograms obtained during in vitro 
study. 

A, Nonuniform ring in simulated pyloric mus- 
cle. Note near and far fields (straight arrows) are 
more echogenic than sides (curved arrows) of 
muscle. 

B, Two pieces of muscle placed closely side 
by side, one with muscle fibers oriented longi- 
tudinally (ultrasound beam is perpendicular to 
muscle fibers, solid arrow) and one with muscle 
fibers in cross section (ultrasound beam is par- 
allel to muscle fibers, open arrow). Note longi- 
tudinally oriented muscle appears more echo- 
genic than muscle oriented in cross section. 


observed that longitudinal scans obtained off midline produce 
a more hypoechoic muscle pattern because the ultrasound 
beam is parallel to more of the muscle fibers. 

This study has clarified the nature of the nonuniform echo- 
genicity of the hypertrophied pyloric muscle and documented 
its frequent appearance. We think that the circular muscle 
arrangement of the pylorus explains its nonuniform echoge- 
nicity in the transverse and longitudinal planes; this sono- 
graphic appearance is a manifestation of the anisotropic 
effect. An appreciation of this phenomenon and its influence 
on the sonographic appearance of the pyloric muscle will 
facilitate the recognition and measurement of the muscle in 
both the transverse and longitudinal scanning planes. 


ACKNOWLEDGMENT 


We thank Dr. Diane Babcock for calling our attention to the 
anisotropic effect. 


REFERENCES 


1. Teele RL, Smith EH. Ultrasound in the diagnosis of idiopathic hypertrophic 
pyloric stenosis. N Eng! J Med 1977;296: 1149-1150 
2. Strauss S, Itzchak Y, Manor A, Heyman Z, Graif M. Sonography of 
hypertrophic pyloric stenosis. AJR 1981;136:1057-1058 
3. Blumhagen JD, Coombs JB. Ultrasound in the diagnosis of hypertrophic 
pyloric stenosis. JCU 1981;9: 289-292 
4. Blumhagen JD, Noble HGS. Muscle thickness in hypertrophic pyloric 
stenosis: sonographic determination. AJR 1983;140:221-223 
5. Miller JH, Kemberling CR. Ultrasound of the pediatric gastrointestinal tract. 
Semin Ultrasound CT MR 1987;8:349-365 
6. Ball TI, Atkinson GO Jr, Gay BB Jr. Ultrasound diagnosis of hypertrophic 
pyloric stenosis: real-time application and the demonstration of a new 
sonographic sign. Radiology 1983;147:449-502 
7. Bowen AD. The vomiting infant: recent advances and unsettled issues in 
imaging. Radiol Clin North Am 1988;26:377-390 
8. Swischuk LE. /maging of the newborn, infant and young child. Baltimore: 
Williams & Wilkins, 1989:398 
9. Haller JO, Cohen HL. Hypertrophic pyloric stenosis: diagnosis using US. 
Radiology 1986;161:335-339 
10. Mol CR, Breddels PA. Ultrasound velocity in muscle. J Acoust Soc Am 
1982;71:455-461 
11. Cady EB, Gardener JE, Edwards RHT. Ultrasonic tissue characterization 
of skeletal muscle. Eur J Clin Invest 1983;13:469-473 
12. Fornage BD. The hypoechoic normal tendon: a pitfall. J U/trasound Med 
1987;6: 19-22 
13. Rubin JM, Carson PL, Meyer CR. Anisotropic ultrasonic backscatter from 
the renal cortex. Ultrasound Med Bio! 1988;14:507-511 


Mekasha M. Getachew' 
Ruth B. Goldstein? 
VickiLee Edge? 

James D. Goldberg® 
Roy A. Filly? 


Received June 21, 1991; accepted after revision 
August 15, 1991. 


Presented in part at the annual meeting of the 
American Roentgen Ray Society, Boston, MA, May 
1991. 


' University of California, San Francisco, Medical 
School, San Francisco, CA 94143. 


* Department of Radiology, Box 0628, University 
of California, San Francisco, Medical Center, San 
Francisco, CA 94143-0628. Address reprint re- 
quests to R. B. Goldstein. 


* Department of Obstetrics and Gynecology, Uni- 
versity of California, San Francisco, Medical Center, 
San Francisco, CA 94143. 


0361-803X/92/1581-0133 
© American Roentgen Ray Society 


133 


Correlation Between Omphalocele 
Contents and Karyotypic 
Abnormalities: Sonographic Study 

in 37 Cases 





To evaluate the observation that fetuses with omphaloceles containing only bowel 
have an especially high prevalence of karyotypic abnormalities, we retrospectively 
reviewed the sonograms and case records of 37 fetuses with omphaloceles detected 
sonographically between 1984 and 1990. Nine fetuses had concomitant morphologic 
abnormalities characteristic of the amniotic band syndrome. Of the remaining 28 fetuses, 
karyotypic correlation was available in 22, and the karyotype was abnormal in five of 
these (23%). The omphaloceles contained liver in 22 fetuses and only bowel in six 
fetuses. Among fetuses with exteriorized liver, karyotypes were abnormal in one (6%) 
of 16 tested. In contrast, four (67%) of the six fetuses whose omphaloceles contained 
only bowel had abnormal karyotypes; for each of these four, sonograms showed 
morphologic abnormalities in addition to the omphalocele. In the two fetuses with bowel- 
only omphaloceles and normal karyotypes, the omphalocele was the only abnormality 
seen on sonograms, and these children are well after surgical repair. When fetuses with 
the amniotic band syndrome were excluded, sonograms showed concomitant anomalies 
in 15 fetuses with liver-containing omphaloceles, and the karyotype was abnormal in 
only one of these 15. 

The results of this study support previous observations that karyotypic abnormalities 
are more common in association with omphaloceles that contain only bowel compared 
with those that contain only liver. If we combine our data with data from three other 
studies that address this issue, 87% of fetuses with omphaloceles containing only bowel 
had an abnormal karyotype, a significantly higher rate than in those fetuses whose 
omphaloceles contained liver also (9%). 


AJR 158:133-136, January 1991 


Major defects in the fetal abdominal wall include omphalocele, gastroschisis, and 
defects resulting from the amniotic band syndrome (ABS) or limb body wall complex 
(LBWC). All of these are being detected more often now as a result of screening 
programs of maternal serum levels of a-fetoprotein in the United States. Once a 
defect in the abdominal wall is detected, sonography can be used to characterize 
the abnormality more fully and to detect associated abnormalities, both of which 
greatly influence fetal prognosis and obstetric management. For example, fetuses 
with gastroschisis usually do not have other morphologic or karyotypic abnormali- 
ties, whereas fetuses with omphaloceles frequently have a variety of concomitant 
visceral malformations (50-70%) and chromosomal abnormalities (30-40%), both 
of which adversely influence outcome [1-3]. Despite these frequently associated 
abnormalities, when the omphalocele is present as an isolated defect, it usually 
can be repaired surgically after birth, and the results are usually excellent. 

Recently, prognosis in fetuses with omphaloceles has been correlated with the 
size [2-4] and contents of the omphalocele [5-7]. Two centers [5-7] have reported 
that the absence of liver in the omphalocele strongly correlates with the presence 
of fetal karyotypic abnormalities and perinatal mortality. To further evaluate the 
relationship between the contents of the omphalocele and chromosomal abnor- 
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malities, we retrospectively reviewed sonograms of 37 fe- 
tuses in whom omphaloceles were observed with 
sonography. 


Materials and Methods 


Between 1984 and 1990, 37 fetuses had omphaloceles (as defined 
by a membrane-covered midline defect in the ventral abdominal wall) 
detected in our prenatal diagnostic center. The mothers were initially 
referred for evaluation of elevated levels of maternal serum a-fetopro- 
tein (five) or abnormal findings on sonography (32). 

Gestational ages were based on composite sonographic age [8]; 
the range was 15-34 menstrual weeks (mean, 24 weeks). The 
omphalocele was detected at or before 24 weeks in 24 of 37 fetuses. 

Sonograms were performed with real-time sonographic equipment 
and 5.0- or 3.5-MHz selectably focused sector or linear-array trans- 
ducers (Acuson; Mountain View, CA). Each sonographic examination 
was performed by both a sonographer and a staff sonologist. The 
sonograms were reviewed retrospectively for the following: the con- 
tents and transverse diameter of the omphalocele, associated abnor- 
malities, and the volume of amniotic fluid. When available, sono- 
graphic findings were correlated with autopsy or surgical data and 
karyotype. In addition to the obstetric sonogram, formal fetal echo- 
cardiography was performed in each case unless the parents elected 
to terminate the pregnancy because of the abnormalities detected on 
the obstetric sonogram. Our data were statistically analyzed by using 
a two-tailed Fisher exact test. 


Results 


Of 37 fetuses with omphaloceles, the final diagnosis was 
abdominal wall defect due to ABS or LBWC in nine. These 
fetuses had conspicuous defects in addition to the defect in 
the ventral wall, including amputation defects of the extremi- 
ties and spine angulation characteristic of ABS or LBWC [9]. 
Although abdominal wall defects associated with ABS or 
LBWC are often covered with a membrane, these fetuses 
usually form a separate subset from the perspective of pre- 
natal diagnosis and counseling, and therefore the group of 
fetuses with ABS or LBWC was analyzed separately. All of 





Fig. 1.—Sonogram shows a liver-containing omphalocele. Lesion is 
covered by a membrane (small arrow). Portal vessel (large arrow) confirms 
that mass within omphalocele is liver (Li). 
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Fig. 2.—Sonograms of a fetus with trisomy 18 show an omphalocele 
containing bowel only. 

A, Omphalocele is covered by a membrane (straight arrow) and contains 
collapsed segments of bowel (curved arrow). 

B, Liver (Li) is within fetal abdomen and is not exteriorized. This fetus 
also had a lumbosacral myelomeningocele (not shown). 


these pregnancies were electively terminated, and confirma- 
tory pathologic evaluation of the abortus was available in five. 
Karyotypes were normal in four of these nine fetuses. 

The 28 remaining fetuses had omphaloceles confirmed at 
autopsy or postnatal follow-up. Twenty-two (79%) had liver 
exteriorized (Fig. 1); in six (21%), the exteriorized sac con- 
tained bowel only (Fig. 2). Karyotypes were obtained in 20 of 
28 cases. In an additional two cases, karyotypes were not 
obtained but were assumed to be normal on the basis of 
neonatal appearance and outcome. Karyotypes were normal 
in 17 (77%) of 22 fetuses and abnormal in five (23%). Fetuses 
whose omphaloceles contained only bowel had a significantly 
(p < .009) higher prevalence of karyotypic abnormalities (4/6 
= 67%) than fetuses with liver-containing omphaloceles (1/ 
16 = 6%), including trisomy 18 (three) and trisomy 13 (one). 
The single karyotypic abnormality in a fetus with a liver- 
containing omphalocele was an unusual aberration (46,XY;, 
inversion of chromosome 11), and this fetus also had a Fallot 
tetralogy and a Cantrell pentalogy. The defects in the abdom- 
inal wall and heart were repaired at birth, with a good result 
at 6-month follow-up. 

In nine of 28 fetuses, the omphalocele was the only defect 
(including two with a bowel-only omphalocele) seen on son- 
ograms (Table 1). In 19 (68%) of 28 fetuses, malformations 
in addition to the omphalocele were observed on sonograms. 
Of these, CNS anomalies (n = 9) were most common; next 
were musculoskeletal (n = 7) and cardiac anomalies (n = 6). 
One case each occurred of genitourinary defect (exstrophy 
of the urinary bladder), tracheoesophageal fistula, facial cleft, 
and a partial mole. Of the 22 fetuses with liver-containing 
omphaloceles, 15 had concomitant anomalies, and kary- 
otypes were normal in eight of nine fetuses tested. 

Table 2 provides information on clinical outcome and dis- 
tribution based on contents of omphaloceles. The clinical 
outcome is known in 23 of 28 cases (excluding fetuses with 
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TABLE 1: Contents of Omphalocele vs Concomitant Anomalies 





No. of Fetuses with 


No. of Fetuses with 








Contents Isolated Omphaloceles Associated Malformations Tota 
Liver exteriorized (excluding TT 24 (15) 31 (22) 
ABS and LBWC) 
Bowel only 2 4 6 
Total 9 28 37 


Note.—ABS = amniotic band syndrome, LBWC = limb body wall complex. 


TABLE 2: Omphalocele Content vs Outcome 


— sss 


Outcome 








Perinatal Alive/Total No. Living 
Contents Known/Total TOP SAB STB b 
Cases Death with F/U ( o) 
Liver exteriorized 17/22 7 1 0 1 8/17 8/10 (80) 
Bowel only 6/6 4 0 0 0 2/6 2/10 (20) 
ABS/LBWC 9/9 E. 0 0 0 0/9 0/10 (0) 
All cases 32/37 0 1 0 1 10/32 10/10 (100) 
ne 


Note.—TOP = termination of pregnancy, SAB = spontaneous abortion, STB = stillborn. F/U = follow-up, ABS = amniotic band syndrome, LBWC = limb body 


wall complex. 


ABS or LBWC): 11 pregnancies were terminated, one fetus 
was spontaneously aborted at 22 weeks, and one neonate 
died of respiratory insufficiency after spontaneous vaginal 
delivery at 32 weeks. Ten of the 28 fetuses survived: eight 
(36%) of the 22 with omphaloceles containing liver (8/17 with 
follow-up = 47%) and two (33%) of the six whose omphalo- 
celes contained bowel only. Nine living neonates have had 
surgical repair of their omphaloceles, with good results. One 
living neonate had multiple laparotomies for complications 
after repair of the omphalocele (i.e., gastrocutaneous fistula, 
gastric outlet obstruction). 

Detailed pathologic or clinical correlation was available in 
20 non-ABS/LBWC fetuses with omphaloceles. In seven fe- 
tuses, a concomitant fetal abnormality was missed on sonog- 
raphy. None of these abnormalities were life threatening, and 
in all these fetuses, other anomalies in addition to the om- 
phalocele were observed on the obstetric sonogram or fetal 
echocardiogram. These included absent nose, polydactyly, 
Meckel diverticulum, bicornuate uterus, hemivertebra, ambig- 
uous genitalia, small ventriculoseptal defect, and placental 
chorioangioma. In one, a small twin papyraceous fetus was 
not observed prenatally but was discovered among the 
aborted tissues. 

The mean diameter of omphaloceles containing only bowel 
was 2.4 cm (range, 1.5-7.6 cm), and the mean diameter of 
liver-containing omphaloceles was 4.2 cm (range, 1.5-8.0 
cm). Eleven of 12 omphaloceles larger than 4 cm in diameter 
and 11 of 16 omphaloceles less than or equal to 4 cm in 
diameter contained liver. Six of nine fetuses with omphalo- 
celes larger than 4 cm in diameter survived, and four of 10 
with omphaloceles 4 cm or less in diameter survived. 

Overall, five of 28 fetuses with omphaloceles had an ab- 
normal volume of amniotic fluid. However, in one fetus, oli- 
gohydramnios occurred after premature rupture of mem- 
branes. Polyhydramnios was present in four pregnancies, and 
three of these fetuses had omphaloceles that contained bowel 


TABLE 3: Amniotic Fluid Volume vs Omphalocele Content and 
Mortality 


Contents of 


Abnormal Volume? Normal Volume 





Omphalocele 
Liver exteriorized 1 20 
Bowel only 3 3 
Mortality 
Living 0 9 
Not living + 9 


Á 
Note.—Fetuses with amniotic band syndrome or limb body wall complex, 
and one with oligohydramnios associated with premature rupture of membrane, 
have been excluded. 
* Abnormal amniotic fluid volume included fetuses with polyhydramnios or 
oligohydramnios. 


only and had chromosomal abnormalities. Thus, the content 
of the omphalocele correlated both with polyhydramnios (p 
< .024) and karyotypic abnormalities (Table 3). Further, all 
fetuses with polyhydramnios died (Table 3). 


Discussion 


Omphalocele, although a relatively rare anomaly in liveborn 
neonates (1 in 4000 births) [10], is the most common defect 
in the abdominal wall in fetal autopsy series and increasingly 
is detected in the fetus with prenatal sonography. The prog- 
nosis of these fetuses is most influenced by associated 
malformations and karyotypic abnormalities. The results of 
our study confirm that concomitant anomalies are often pres- 
ent in fetuses with omphaloceles and that the associated 
anomalies can be detected accurately prenatally. The asso- 
ciated anomalies are often more life threatening than the 
abdominal defect itself, and the observation of associated 
anomalies may alter, as in the case of ABS or LBWC, the 
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TABLE 4: Karyotypic Abnormalities vs Omphalocele Content 


Liver Exteriorized 
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Bowel Only Total Studied 

















Reference No. of Fetuses No. (%) with No. of Fetuses No. (%) with No. of Fetuses No. (%) with 
Tested Abnormal Karyotype Tested Abnormal Karyotype Tested Abnormal Karyotype 
Nyberg et al. [5] 18 2 (11) 8 (100) 26 10 (38) 
Benacerraf et al. [6] 16 O (0) 4 (67) 22 4 (18) 
This study 16 1 (6) 4 (67) 22 5 (23) 
Hughes et al. [7] 20 3 (15) 10 (100) _30 13 (43) 
Total 70 6 (9) 26 (87) 100 32 (32) 





final sonographic diagnosis. In this study, associated anom- 
alies were observed on sonograms in 28 (76%) of 37 fetuses. 
The high prevalence of associated anomalies in this series 
agrees with the results of several earlier reports [4, 5, 11], 
and even after fetuses with ABS or LBWC are excluded, 68% 
of fetuses with omphaloceles had associated morphologic 
abnormalities detectable with sonography. 

In addition, fetuses with omphaloceles are at increased risk 
for an abnormal karyotype. Indeed, previous studies suggest 
that 10-40% (combined mean rate, 12%) of neonates with 
omphaloceles have abnormal karyotypes [10], and fetal stud- 
ies suggest even higher rates [5, 7]. Some earlier studies 
may have underestimated the prevalence of karyotypic ab- 
normalities because fetuses with ABS, usually karyotypically 
normal, have often been included in the series [1, 10]. If 
fetuses with ABS/LBWC are excluded, our study confirms a 
high prevalence of chromosomal anomalies (23%) in fetuses 
with omphaloceles. This agrees with other prenatal series 
(18-43%) [5, 7]. The most common chromosomal anomalies 
are trisomy 13 and 18; next are trisomy 21, 45,X (the Turner 
syndrome), and triploidy [11]. As expected, studies that in- 
cluded severely anomalous fetuses [5, 7, 11] reported a 
higher prevalence of karyotypic abnormalities than seen in 
postnatal series. 

The data in our study support the claim of Nyberg et al. [5] 
and others [6, 7] that the contents, and not the size, of the 
omphalocele are a strong predictor of the karyotype. In each 
study [5-7] (Table 4), a high prevalence of karyotypic abnor- 
malities was found in fetuses with omphaloceles containing 
bowel only (67-100%). When data from four reports are 
combined (Table 4), 87% of the 30 reported fetuses with 
omphaloceles containing only bowel were chromosomally 
abnormal. Further, associated anomalies in fetuses with liver- 
containing omphaloceles are not as closely associated with 
abnormal karyotype as associated anomalies are in those 
fetuses whose omphaloceles contain bowel only. In this se- 
ries, only one of nine fetuses tested who had liver-containing 
omphaloceles and other malformations had an abnormal 
karyotype. Nevertheless, because of the relatively high prev- 
alence of chromosomal abnormalities (overall 23% in this 
series) in fetuses with omphaloceles, we recommend that all 


fetuses with omphaloceles have karyotypic evaluation. Thus, 
observations on the contents of an omphalocele should not 
alter current obstetric practice. However, the association 
between abnormal chromosomes and omphaloceles that con- 
tain only bowel underscores that examiners should not be 
reassured by either a small-sized omphalocele or one that 
contains bowel only. Indeed, the possibility of chromosomal 
abnormalities is higher in those fetuses with omphaloceles 
that contain bowel only. Concomitant morphologic abnormal- 
ities or abnormal volume of amniotic fluid further increases 
the likelihood of a chromosomal anomaly. In our series, other 
morphologic defects were observed on sonograms in all the 
fetuses with bowel-only omphaloceles and karyotypic abnor- 
malities, and three of four of such fetuses with polyhydram- 
nios had a chromosomal abnormality. 
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Voiding Cystourethrography in 
Children: Value of Digital Fluoroscopy in 
Reducing Radiation Dose 





Voiding cystourethrography is a commonly used fluoroscopic procedure in children 
that can directly irradiate the gonads. As a consequence, much attention has been given 
to reducing the dose of radiation received during the procedure. A digital fluoroscope, 
especially adapted for use in children, was evaluated for potential reduction of the dose 
of radiation during the procedure. Entrance and midplane doses were calculated on 
child-sized phantoms by using the digital fluoroscope, digital spot films, and 105-mm 
spot films. Subsequently, data were collected on 47 children, grouped by ages (neonate 
to 1 year, 1-5 years, and 5-7 years), in whom voiding cystourethrography was performed 
by using the same exposure factors as those for the phantoms. On the basis of the 
exposure doses for the phantoms and recorded clinical peak kilovoltages, milliamperes, 
milliseconds, and fluoroscopic time, average skin and ovarian doses were calculated 
for each group of children. These doses were compared with previously reported doses 
for fluoroscopic and radionuclide voiding cystourethrography. Results of line-pair reso- 
lution studies for the digital spot films and 105-mm spot films were similar. Images from 
the digital device and 105-mm images obtained on a conventional fluoroscope were 
considered equally adequate for clinical decision making. The average midplane and 
skin doses with digital spot films for children less than 5 years old were equal to or less 
than 0.66 and 2.37 mGy, respectively, as opposed to 1.37 and 5.32 mGy with the 105- 
mm spot films. Previously reported ovarian doses range from 2.52 to 10.0 mGy for 
fluoroscopic voiding cystourethrography and from 0.04 to 0.05 mGy for radionuclide 
voiding cystourethrography. 

The use of digital spot films reduced dose approximately 50% compared with 105- 
mm spot films; the ovarian dose was 0.62 mGy greater than that for radionuclide voiding 
cystourethrography. 
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Urologic diseases are common in children, and imaging has become an important 
part of their treatment. It has been estimated that up to 25% of genetically significant 
radiation in infants and children is related to imaging of the urinary system [1]. 
Consequently, much interest has been focused on reducing the dose of radiation 
received by the patient during voiding cystourethrography (VCUG) [1-5]. 

We evaluated the usefulness of a digital fluoroscope, especially adapted for use 
in infants and children, in reducing the dose. We report results of dosimetry and 
Spatial resolution testing on phantoms and radiation doses from VCUG performed 
in three groups of children. Doses from VCUG performed by using digital spot films 
were compared with calculated doses obtained by using 105-mm spot films and 
previously reported doses for fluoroscopic and radionuclide VCUG. 


Materials, Subjects, and Methods 


The digital fluoroscopic/radiographic unit evaluated was a General Electric Advantx DR 
digital recording system (General Electric Medical Systems, Milwaukee, WI) that had been 
adapted for use in infants and children. The unit, whether operating with digital or 105-mm 
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spot films, used an 80 kW, three-phase, 12-pulse, full-wave generator 
with a 12-in. (80.5-cm) image intensifier. 

On the basis of techniques selected for use in children, the unit 
was Calibrated to produce images of acceptable contrast. We used 
relatively low milliampere seconds to reduce the dose of radiation. 
Dosimetry measurements on the unit were performed at predeter- 
mined peak kilovoltage settings for fluoroscopic imaging and peak 
kilovoltage and milliamperage settings for the digital images (fluoros- 
copy: 70 kVp, variable milliamperage, variable fluoroscopy time; 
digital spot film: 55 kVp, 250 mA, variable exposure time). For 105- 
mm spot film imaging, the settings were 60 kVp, 500 mA, and variable 
exposure time. The settings for peak kilovoltage and milliamperage 
correspond to those used in clinical cases presented in this study. All 
images for phantom and clinical work were obtained with the grid in. 

All dosimetry measurements were obtained by using a 12-cm-thick 
phantom approximately the size of a small child. The phantom con- 
sisted of 1- and 2-cm-thick slabs of an epoxy resin-based plastic 
material Known as solid water [6], with its density adjusted to have 
radiation absorption and scattering characteristics within 2% of those 
of soft tissue (muscle). A 0.5-cm-thick slab of cortical bone substitute, 
SB3 [7], was added to the phantom, and the measurements were 
repeated. The physical density of the soft-tissue substitute is 1050 
kg/m®, and that of the cortical bone is 1800 kg/m°. 

A 15-cm° parallel-plate ion chamber (Precision Radiation Measure- 
ments [PRM], Nashville, TN) connected to a PRM model DD1 elec- 
trometer was used. The chamber, which was 2 cm tall, was placed 
in a hole made in one of the 2-cm-thick slabs that had the same 
diameter as the chamber. During fluoroscopy or spot film exposure, 
the slab with the chamber was placed on the tabletop, and the rest 
of the slabs were placed on top of the first slab. Measurements were 
obtained with and without the 0.5-cm bone slab to obtain the dose 
rate at the surface of the skin during fluoroscopy, the skin dose per 
105-mm spot film, and the skin dose per digital image. 

In order to obtain the midplane dose per spot film and dose rate 
during fluoroscopy, measurements were made with the slab contain- 
ing the chamber moved up in the phantom stack, so that the collecting 
electrode was 6 cm above the table (6.5 cm when the 0.5-cm bone 
slab was included). The distance from the tabletop to the face of the 
image intensifier was kept at 9 in. (22.9 cm). 

Throughout the study, dosimetry results, which were measured in 
coulombs/meter * exposure, were mathematically converted to dose 
(D) and reported in milligrays. The formula used for conversion was 
D(Gy) = X(C/m°) x f(Gy - C™' - m~’); the appropriate f factor for the 
peak kilovoltage of each measurement was used. These results are 
reported as measured dose. Clinical doses were calculated by using 
the measured doses and the average Clinical milliamperage, time, and 
number of spot films. These results are reported as calculated or 
estimated doses. Studies of spatial resolution were performed by 
placing a test tool to determine the number of line pairs per millimeter 
resolved in each case on top of the phantom. Digital images and 105- 
mm spot film images from the unit under study were compared. 

For the clinical dosimetry evaluations, a sample study (VCUG) was 
chosen. Data were gathered for three age groups of patients, neonate 
to 1 year old (n = 18), 1-5 years old (n = 20), and 5-7 years old (n 
= 9). All children of the appropriate age referred for VCUG during the 
data gathering period were included in the study. No selection of 
patients or fluoroscopist was made to ensure minimal fluoroscopy 
time or number of spot films. Preprogrammed radiographic parame- 
ters were used as established for VCUG in a small patient with low- 
detail imaging with a 12-in. field of view (fluoroscopy: 70 kVp; digital 
spot films: 55 kVp, 250 mA). This combination of factors produced 
the lowest possible radiation exposure for routine imaging of smaller 
children with this unit. Radiographic and fluoroscopic factors were 
recorded independently for each child. A digital readout allowed us 
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to record the actual peak kilovoltage and milliamperage during fluo- 
roscopy. The milliamperage varied slightly as the unit sought an 
appropriate brightness level. The milliamperage recorded for the 
study represented a steady level of milliamperage for nearly all of the 
actual fluoroscopic imaging time. A digital clock recorded, to the 
nearest 0.1 min, the total elapsed fluoroscopy time. Each digitally 
recorded spot film was accompanied by a digital readout of its actual 
peak kilovoltage, milliamperage, and exposure time (milliseconds). In 
some instances, not all parameters were recorded for each child; in 
those cases, only the parameters specifically entered in the records 
were used; this accounts for the variable number of observations in 
each group. Average fluoroscopy time, fluoroscopy milliamperage, 
number of spot films, and spot film milliampere seconds were calcu- 
lated for each group of children according to age. The average skin 
and ovarian doses of radiation received by the patient during VCUG 
were calculated from these averages and the measured dose per 
milliampere second for the same peak kilovoltage from the measure- 
ments on the phantom. 

The dose for VCUG performed on the unit was calculated for both 
digital spot films and 105-mm spot films. Calculated doses for VCUG 
were compared between (1) the unit with digital spot films and the 
unit with 105-mm spot films and (2) the unit with digital spot films 
and published estimates of bladder and ovarian doses of radiation 
for fluoroscopic VCUG [1-5] and radionuclide VCUG [3-5]. Because 
the clinical studies used digital spot filming only, “clinical milliampere 
seconds” for the 105-mm spot films were estimated from the formula: 
Estimated mAs in patient [105-mm spot] = (measured mAs in phan- 
tom [105-mm spot] x measured mAs [digital spot])/measured mAs 
in phantom [digital spot]. 

Image quality was assessed independently by three experienced 
pediatric radiologists. 


Results 


Phantom dosimetry results for the unit are presented in 
Table 1. Averages for the spot film milliampere seconds, 
number of spot films, fluoroscopy milliamperage, and fluoros- 
copy time were calculated for each age group (Table 2). The 
average total skin and midplane doses were calculated for 
each group of children (Table 3) on the basis of factors 
presented in Table 2 and the dose rate in milligray/seconds 
and milligray/milliampere seconds derived from the phantom 
measurements presented in Table 1. The total dose is the 
sum of the fluoroscopic and spot film doses. 

Line-pair resolution for the digital images was only slightly 
inferior to that for the 105-mm images (Table 4). An unbiased, 
objective comparison of the digital and 105-mm spot films 
was precluded by unmistakable characteristics immediately 
identifying the two systems. It was the subjective opinion of 
the three pediatric radiologists who used the systems that, 
for the degree of resolution needed for clinical interpretation 
of VCUG images, there was no significant difference in the 
two types of spot-film images. This opinion was based on 
extended clinical use of both systems (Figs. 1-3). 


Discussion 


Efforts to reduce radiation dose are an important aspect of 
diagnostic imaging, especially in children. This must be 
achieved, however, without compromising image quality. The 
development of rare-earth film-screen technology and beam 
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TABLE 1: Dose Rates and Doses of Radiation Measured on Phantoms 


ee 











Fluoroscopy Dose 105-mm Spot Film pide es 
Mode (in.)? Rate at 70 kVp Dose at 60 kVp "is 
(mGy/sec) (mGy) (mGy) 
Tabletop (skin) dose (including scatter 
and backscatter) 
12-cm Soft-tissue equivalent 
12.0 0.038 0.106 0.047 
9.0 0.056 0.149 0.068 
6.0 0.100 0.235 0.103 
4.5 0.174 0.378 0.169 
12-cm Soft-tissue and 0.5-cm cortical 
bone equivalents 
12.0 0.047 0.146 0.064 
9.0 0.073 0.220 0.094 
6.0 0.120 0.353 0.149 
45 0.212 0.591 0.255 
Midplane exposure 
12-cm Soft-tissue equivalent 
12.0 0.014 0.035 0.018 
9.0 0.023 0.046 0.024 
6.0 0.036 0.075 0.032 
4.5 0.053 0.110 0.051 
12-cm Soft-tissue and 0.5-cm cortical 
bone equivalents 
12.0 0.014 0.034 0.015 
9.0 0.020 0.045 0.023 
6.0 0.032 0.074 0.033 
4.5 0.052 0.108 0.043 


* 12.0 in. = 30.5 cm; 9.0 in. = 22.9 cm: 6.0 in. = 15.2 cm: 4.5 in. = 11.4 cm. 


TABLE 2: Clinical Exposure Parameters During Voiding Cystourethrography 
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Mean Value (SD) 

















Age of Patient (yr) Spot Films Fluoroscopy 
mAs No. per Patient mA Time (min) 
Neonate to 1 (n = 18) 1.58 (0.88) 10.9 (3.13) 0.45 (0.12) 1.2 (0.6) 
(n = 197) (n = 18) (n = 12) (n = 17) 
1-5 (n = 20) 2.08 (1.22) 9.6 (2.52) 0.51 (0.20) 1.1 (0.5) 
(n = 192) (n = 20) (n = 14) (n = 17) 
5-7 (n = 9) 4.14 (4.21) 8.3 (1.94) 1.10 (1.43) 1.3 (0.6) 
(n = 75) (n = 9) (n= 7) (n = 9) 


SSE Ss SED OE SS SE SSE WEE eee aua 
Note.—The number of observations (n) in each group varies because in some instances not all parameters were 
recorded for each child; only the parameters specifically entered in the records were used. 


TABLE 3: Comparative Clinical Doses from Voiding Cystourethrography 
a 


Age Group (yr) 


Neonate to 1 
Skin 
Midplane 

1-5 
Skin 
Midplane 

5-7 
Skin 
Midplane 





Dose in mGy (1 SD) 




















Digital Spot Film 105-mm Spot Film Radionuclide 

Fluoroscopy Spot Total Fluoroscopy Spot’? Total? l Bladder Ovary 
1.738 (0.519) 0.455 (0.155) 2.193 (0.537) 1.738 (0.519) 3.003 4.741 

0.510 (0.273) 0.118 (0.041) 0.628 (0.276) 0.510 (0.273) 0.719 1.228 0.3 0.04-0.05 
1.829 (1.019) 0.537 (0.346) 2.367 (1.074) 1.829 (1.019) 3.494 5.323 

0.528 (0.291) 0.136 (0.091) 0.664 (0.309) 0.528 (0.291) 0.837 1.365 0.3 0.04-0.05 
4.477 (6.206) 0.919 (0.955) 5.396 (6.279) 4.477 (6.206) 6.024 10.501 

1.301 (1.802) 0.227 (0.237) 1.589 (1.820) 1.301 (1.802) 1.447 3.294 0.3 0.04-0.05 
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a Values are estimates. 
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filtration has reduced doses [8-11]. The advent of computer- 
assisted imaging has allowed further reduction in doses [12, 
13]. 

The potential for reducing the dose is present in all digital 
systems. This potential was enhanced by particular adapta- 
tion of the digital unit we evaluated. Reduction in dose was 
achieved via the increased sensitivity of the imaging sys- 
tem that is inherent in the use of digital video technology [12, 
13], the addition of a beam-hardening filter consisting of 0.2 
mm of copper (half-value layer of 5.5-mm aluminum at 80 
kVp) at the exit port of the X-ray tube assembly [8-10], and 
special sets of technique factors allowing the use of lower 
milliampere seconds. 

In digital systems, rather than recording images directly 
onto film with a photospot camera, an electronic photospot 
system captures the image by using a high-resolution (1023 
lines for the system being studied) television camera. The 
video image is digitized automatically and stored in one or 
more solid-state digital frame memories. The images are then 
transferred immediately to permanent digital disk storage for 
later image recall and hard-copy filming. The image-acquisition 
matrix used was 1024 x 1024 x 8 bits. The lower dose 
required with digital imaging chains, compared with film- 
screen imaging chains, allows a reduction of milliampere 
seconds per image. Mottle on digital images may be in- 
creased. Electronic windowing and leveling capabilities allow 
optimization of image contrast and brightness. 


TABLE 4: Line Pair Measurement of Spatial Resolution 





Image Size in Inches Line Pairs/mm 








(cm) Center Edge 
Digital 
12 (30.5) 1.3 1.3 
9 (22.9) 1S 15 
105 mm 
12 (30.5) 1.5 1.5 
9 (22.9) 1.8 1.8 
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The beam-hardening filter absorbs the greater portion of 
the low-energy radiation from the spectrum of the X-ray tube 
output and a lesser portion of the high-energy radiation. In 
order to attain a contrast typically obtained with conventional 
filtration, use of the beam-hardening filter required a reduction 
in peak kilovoltage. Although this reduction potentially com- 
promises reduction in skin exposure to radiation, measure- 
ments done on phantoms with the specific beam-hardening 
filter installed in this unit have shown entrance exposure levels 
at or below values measured with the conventional peak- 
kilovoltage filter combination by using the same model of 
fluoroscopic/radiographic unit (Table 5) (Sandrik J, General 
Electric Company, Applied Science Laboratory, personal com- 
munication). The use of additional filtration to reduce exposure 
to patients has been discussed elsewhere [8-10]. 

Dosimetry from phantom work when used in conjunction 
with averages of measured values of peak kilovoltage, am- 
perage, time, and number of exposures obtained during clin- 
ical studies (VCUGs) (Table 2) allowed the computation of 
average doses for fluoroscopy and digital spot films (Table 
3). Estimates of dose for 105-mm spot films also were cal- 
culated from the phantom measurements (Table 3). 

It is theoretically probable that, if the peak kilovoltage had 
been increased for the larger children (5-7 years old), the 
resultant decrease in milliampere seconds required to produce 
a comparable image would have resulted in a further decrease 
in dose. Dose also could have been reduced further in all age 
groups by reducing the operator-dependent variables such 
as fluoroscopy time and number of spot films. Although such 
is always a Clinical goal, all cases were included in the study 
whether performed by a resident, fellow, or staff member, 
and without regard for the complexity of the case. 

Optimizing the system's parameters for dose reduction with 
digital imaging produced substantial reduction in dose com- 
pared with calculated doses from otherwise identical studies 
that used 105-mm spot films on the same unit. For children 
less than 5 years old, the total skin dose with the General 
Electric unit with digital spot films was 44-46% of that with 


Fig. 1.—Posteroanterior spot films 
from voiding cystourethrograms of dif- 
ferent children of equivalent size show 
similar anatomy in similar projections. 
Purpose is to compare Clinical quality 
of digital and 105-mm spot films. All 
digital images were photographed with 
standard default windowing as is used 
Clinically. 

A, Digital spot film obtained during 
voiding (with bilateral vesicoureteral 
reflux) in a 7-month-old girl. Mesh pat- 
tern seen on this and other images is 
caused by contrast material urinated 
into a blanket placed under child. 

B, 105-mm spot film obtained during 
voiding (with vaginal reflux) in a 5- 
month-old girl. 
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Fig. 2.—Posteroanterior spot films 
of bilateral vesicoureteral reflux in dif- 
ferent children of equivalent size. Both 
images were obtained when bladder 
was almost empty. Purpose is to com- 
pare clinical quality of digital and 105- 
mm spot films. 

A, Digital spot film in a 7-month-old 
girl. 

B, 105-mm spot film in a 5-month- 
old girl. 


Fig. 3.—Posteroanterior spot films 
of reflux to pelvicaliceal system in dif- 
ferent children of equivalent size show 
similar anatomy in similar projections. 
Purpose is to compare clinical quality 
of digital and 105-mm spot films. 

A, Digital spot film of left kidney in 
2.5-year-old girl. 

B, 105-mm spot film of left kidney in 
2%-year-old boy. 


TABLE 5: Phantom Entrance Exposures for Constant X-Ray 
Image Intensifier 





With Typical Filter With Beam-Hardening 


Acrylic Thickness Filter 
(cm) Exposure in Exposure in 
KVP mC/kg (mR) ‘YP mC/kg (mR) 
6.0 80 1.4 (5.5) 55 1.3 (4.9) 
10.7 80 3.7(14.4) 66 2.5 (9.7) 
16.0 80 12.6(48.9) 74 6.9 (26.6) 


TS + re eR SS e a E eS ee er err 

Note.—Measurement conditions were as follows: (1) source-to-image dis- 
tance = 80 cm for 6.0- and 10.7-cm phantoms; (2) source-to-image distance = 
83 cm for 16.0-cm phantom; (3) gap from tabletop to phantom entrance = 42 
mm; (4) ion chamber on tabletop, centered in the X-ray beam; (5) small focal 
spot; (6) 100 mA; (7) grid out; (8) 6-in. (15.2-cm) field of view; (9) collimators 
opened to full field of view; (10) 45 uR (0.00045 mGy)/frame digital record 
acquisition. 


105-mm spot films. Similarly, the midplane dose was 49-51% 
of that with 105-mm spot films (Table 3). 

The reported bladder dose for radionuclide VCUG is 30 
mrad (0.3 mGy) [5]. The midplane dose for children less than 
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5 years old was 63-66 mrad (0.628-0.664 mGy). The mid- 
plane dose for children 5-7 years old was 159 mrad (1.589 
mGy) (Table 3). 

Estimates of ovarian dose during radionuclide VCUG are 
as low as 4-5 mrad (0.04-0.05 mGy) [5]. Previously published 
averages of dose during fluoroscopic VCUG are 252-1000 
mrad (2.52-10.0 mGy) to the ovaries and 68-300 mrad (0.68- 
3.0 mGy) to the testes [1-5]. 

Although the newer fluoroscopic technology does not di- 
minish the ovarian dose of radiation to the level seen with 
radionuclide VCUG, it does reduce the dose considerably 
below that previously reported from fluoroscopic studies. The 
increase in ovarian dose of approximately 0.62 mGy (62 mrad) 
to children less than 5 years old needs to be weighed against 
the better anatomic resolution of a fluoroscopic study as 
compared with a radionuclide study. 
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Pictorial Essay 





Hepatic Masses in Infants and Children: CT Evaluation 


Amal A. Jabra,’ Elliot K. Fishman, and George A. Taylor 


Hepatic masses are uncommon in children. Although some 
lesions may have overlapping appearances on CT, a careful 
analysis of the CT characteristics of the lesion, in combination 
with the age of the patient and the clinical and laboratory data, 
can lead to a specific diagnosis in many cases [1-5]. In this 
pictorial essay, the spectrum of hepatic masses in children is 
reviewed, with emphasis on the key CT findings that help in 
differentiating the various lesions. 


Cysts 
Congenital Cysts 


Congenital hepatic cysts are rare in children; most occur in 
patients 30-50 years old. On CT, cysts appear as round or 
oval, well-defined lesions with thin walls that are near water 
density. Occasionally they may contain septa. IV contrast 
material does not alter cyst density. On rare occasions, a few 
other lesions may appear similar to a congenital cyst, including 
hydatid cyst, old hepatic hematoma, and abscesses. In these 
cases, Clinical findings may be helpful in making the diagnosis 


(Fig. 1). 


Caroli Disease 


Caroli disease is characterized by nonobstructive dilatation 
of the intrahepatic bile ducts and can occur without or, more 
commonly, with congenital hepatic fibrosis. 

On CT, localized, low-density, round or oval saccular areas 
are noted with or without the branching tubular appearance 
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of dilated intrahepatic biliary radicles. The saccular areas may 
show a small, enhancing, focal wall protrusion representing a 
portal radicle next to the area of biliary dilatation (Fig. 2). 


Hydatid Cysts 


Hydatid cysts are of variable CT appearance and can be 
identical to a congenital hepatic simple cyst or may contain 
septa, daughter cysts, calcification, and various degrees of 
inhomogeneity due to hemorrhage, infection, or hydatid sand 


[1] (Fig. 3). 


Choledochal Cysts 


Congenital fusiform dilatation of the common bile duct (type 
1 choledochal cyst) can extend into the porta hepatis, branch 
into the hepatic parenchyma, and be associated with dilatation 
of the central portion of the right and left main hepatic ducts. 
If the biliary dilatation is only extrahepatic, then other diag- 
nostic possibilities such as duodenal duplication cysts, mes- 
enteric cysts, and exophytic hepatic cysts should be consid- 
ered [1] (Fig. 4). 


Infectious and Granulomatous Processes 
Pyogenic Abscesses 


Abscesses have a predilection to the superior aspect of the 
right lobe. The CT appearance varies, ranging from very 
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similar to hepatic cysts to similar to solid tumors. Most often, 
they are sharply defined, low-density lesions with density 
measurements falling between that of water and that of a 
solid mass. Rim enhancement occurs in less than half of the 
abscesses and can be noted in other lesions such as tumors 
and hemangiomas. A double-target sign, seen as a central 
hypodense area surrounded by an inner hyperdense rim and 
an outer hypodense rim, is thought to be more characteristic 
of abscess and is reported on dynamic scans in approximately 
one third of patients. The presence of gas within an abscess 
is uncommon (around 20%), but it is very suggestive of 
abscess when seen [2] (Fig. 5). 


Fungal and Granulomatous Lesions 


Fungal and granulomatous lesions are seen most com- 
monly as multiple, small (about 1-2 cm), hypodense lesions 
[2]. Large single or multiple fungal abscesses similar to py- 
ogenic abscesses can occur (Figs. 6-8). 


Regenerative Nodules in Cirrhosis 


Regenerative nodules are usually less than 2 cm in diameter 
and have been described both as hypodense and as hyper- 
dense. Hyperdensity is seen particularly with hereditary tyro- 
sinemia, where regenerative nodules are believed to appear 
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Fig. 1.—Unenhanced CT scan of 18-year-old 
woman with a simple hepatic cyst (arrows). Lesion 
is near water density (—2.8 H) with sharply demar- 
cated borders. No change was noted after IV con- 
trast administration. 


Fig. 2.—IV contrast-enhanced CT scan of 15- 
month-old girl with Caroli disease shows multiple 
cystic areas representing dilated intrahepatic bile 
ducts. Adjacent enhancing portal vein radicles 
(arrows). 


Fig. 3.— 10-year-old boy with multiple hydatid 
cysts (arrows) of liver and spleen. Note sharply 
defined, near-water-density cyst in liver. Splenic 
lesion appears of higher density because of partial 
averaging. (Courtesy of R. Melhem, Mobile, AL.) 


Fig. 4.—Contrast-enhanced scan of 15-year-old 
boy with choledochal cyst shows near-water-den- 
sity, sharply defined, multilobulated lesion (arrow) 
that did not change in density from its appearance 
on unenhanced images. Lesion is located in porta 
hepatis. No intrahepatic biliary ductal dilatation is 
present. 


hyperdense relative to the adjacent low-attenuation fatty liver 
[3] (Fig. 9). 


Neoplasms 
Benign 


Cavernous hemangiomas.—Cavernous hemangiomas can 
be single or multiple and occur most commonly in the right 
lobe. They may be associated with hemangiomas elsewhere. 
They rarely occur in infants and are usually an incidental 
finding in adults or older children. 

Hemangioendothelioma.—Hemangioendothelioma is a 
common hepatic tumor of the neonate; more than 85% of 
cases occur in children less than 6 months old. High-output 
congestive heart failure is seen in up to 65% of reported 
cases. 

Cavernous hemangiomas and hemangioendothelioma have 
similar CT appearances [2] (Figs. 10-13). On unenhanced 
CT, lesions are well circumscribed and hypodense. On en- 
hanced CT, the appearance depends on the technique of 
contrast administration, timing of scanning, and size of the 
lesion. With rapid bolus dynamic scanning, about 50% of the 
cases show early peripheral contrast enhancement relative to 
the adjacent liver with progressive opacification of the central 
part of the hemangioma so that most lesions fill by 20 min 
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Fig. 5.—CT scan of 6-year-old girl with pyogenic 
liver abscess (arrows). Lesion is sharply deline- 
ated from adjacent liver parenchyma with a sug- 
gestion of rim enhancement. Note presence of 
septa. (Courtesy of R. Melhem, Mobile, AL.) 


Fig. 6.—CT scan of 9-year-old boy with cat- 
scratch fever. Multiple hypodense small lesions 
(arrows) with poorly defined margins represent 
small abscesses. 


Fig. 7.—Contrast-enhanced CT scan of patient 
with histiocytosis shows enlarged liver and multi- 
ple small hypodense lesions. 


Fig. 8.—Contrast-enhanced CT scan of 14-year- 
old girl in whom T-cell lymphoma was diagnosed 
1 year earlier and candidemia developed 3 weeks 
before study. CT scan of abdomen was obtained 
for evaluation of abdominal pain and abnormal 
results of liver function tests. Multiple small hy- 
podense lesions (arrows) are noted in liver and 
spleen. Similar lesions were noted in both kidneys. 
Lesions responded to antifungal therapy. 
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Fig. 9.—Unenhanced CT scan of 2-year-old girl 
with familial tyrosinemia shows numerous hyper- 
dense and some hypodense masses throughout 
liver. Masses became less apparent after contrast 
enhancement. These masses represent regener- 
ating nodules in a cirrhotic liver. An unusually large 
nodule (arrow) is noted in right hepatic lobe. 


Fig. 10.—Contrast-enhanced CT scan of 9- 
year-old girl shows cavernous hemangioma (ar- 
rows) of right lobe of liver. Note peripheral en- 
hancement and centrally hypodense lesion. 
(Courtesy of |. Shalaby-Rana, Washington, DC.) 


Fig. 11.—Contrast-enhanced CT scan of neo- 
nate with prenatally diagnosed abdominal mass 
shows a hypodense lesion (arrows) in left lobe 
of liver with intense peripheral enhancement 
characteristic of hemangioendothelioma. 
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after contrast administration. The areas of enhancement may 
have a lobulated, frondlike appearance (Fig. 12). Small 1- to 
2-cm lesions may fill quite rapidly without the pattern of 
peripheral, followed by central, enhancement (Fig. 13). Less 
rapid contrast administration, smaller amounts of contrast 
material, and relative delay in scanning may result in diffuse 
enhancement similar to that in the adjacent liver parenchyma. 


Fig. 12.—Hemangioendothelioma in neonate 
with congestive heart failure. 

A, Unenhanced CT scan shows large inhomo- 
geneous mass in left lobe of liver. 

B, CT scan after IV contrast administration 
shows intense, lobulated areas of peripheral en- 
hancement (arrows). 

(Courtesy of |. Shalaby-Rana, Washington, DC.) 


Fig. 13.—CT scans of hepatic hemangioendo- 
thelioma in a 6-month-old boy with asymptomatic 
hepatomegaly. 

A, Unenhanced CT scan shows enlarged liver 
with multiple diffuse, hypodense, well-defined 
masses. 

B, CT scan after IV contrast administration 
shows intense and diffuse enhancement of these 
masses. 

(Courtesy of |. Shalaby-Rana, Washington, DC.) 


Fig. 14.—Contrast-enhanced CT scan of 3-year- 
old boy with hepatoblastoma shows solitary inho- 
mogeneous multilobulated mass of left lobe of 
liver. Note peripheral enhancement. 


Fig. 15.—Unenhanced CT scan of a 17-year-old 
girl with hepatocellular carcinoma shows a large 
mass in right lobe of liver. Mass contains a few 
areas of calcification (arrowheads). Central hyper- 
dense areas are compatible with areas of hemor- 
rhage. Note second smaller lesion (arrow) in left 
lobe of liver and possibly a third lesion at medial 
margin of larger mass. 


Malignant 


Hepatoblastoma and hepatocellular carcinoma.—Hepato- 
blastoma occurs most commonly in children less than 5 years 
old, whereas hepatocellular carcinoma is seen most often in 
children more than 5 years old and is rare in children less 
than 3 years old. 
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Fig. 16.—Contrast-enhanced CT scan of 4- 
month-old boy with hepatoblastoma. Tumor has 
multilobular, multicentric appearance with various 
degrees of peripheral and central enhancement. 
Arrows point to peripheral hepatoblastoma with 
adjacent subcapsular hematoma. Intraperitoneal 
air is from recent exploratory laparotomy, per- 
formed because of abdominal mass and intraper- 
itoneal bleeding. 


Fig. 17.—Unenhanced CT scan of 2-year-old 
boy with precocious puberty, markedly elevated 
a-fetoprotein level, and later proved diagnosis of 
hepatoblastoma. CT scan shows relatively well 
demarcated hypodense lesion (arrows) with two 
areas of chunky-appearing calcifications (arrow- 
heads). 


Fig. 18.—Unenhanced CT scan of 14-year-old 
boy with biopsy-proved rhabdomyosarcoma, pre- 
sumably originating in biliary tract. Note poorly 
defined hypodense mass in porta hepatis (arrows) 
and multiple implants on surface of liver (arrow- 
heads). Patient also had metastasis to medias- 
tinum involving paracardiac lymph nodes. 


Fig. 19.—Contrast-enhanced CT scan of 1- 
month-old boy with undifferentiated sarcoma of 
liver (arrow). Note predominantly cystic appear- 
ance and peripheral areas of calcification. 


Fig. 20.—Contrast-enhanced CT scan of 4- 
month-old girl with right adrenal neuroblastoma 
(arrows). Diffuse liver metastasis is seen as poorly 
defined hypodense areas. 


Fig. 21.—Contrast-enhanced CT scan of 15- 
year-old boy with metastatic undifferentiated car- 
cinoma from pelvis, presumably of prostatic origin. 
Note numerous hypodense metastases to both 
lobes of liver. 


The CT appearance of the two may be similar [2]. They 
can present as a single lesion (Fig. 14), less commonly as 
multiple lesions (Fig. 15), and least commonly as diffuse 
involvement of the liver. 

In most cases, the mass is sharply delineated on unen- 
hanced and enhanced scans. Lesions are lower in density than 
the adjacent liver. Most are inhomogeneous with slitlike or 
round lower-density areas and enhance slightly or not at all 
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(Fig. 16). Calcifications are more common in hepatoblastoma 
(50% vs 25% in hepatocellular carcinoma). Calcifications are 
more commonly chunky and help in the differentiation from 
infantile hemangioendothelioma, in which calcifications are 
more commonly finely or coarsely stippled rather than chunky 
(Fig. 17): 

Rhabdomyosarcoma.—Rhabdomyosarcomas of the biliary 
tree often occur in the porta hepatis. Bile duct dilatation is 


148 JABRA ET AL. 
















A 


Fig. 24.—CT scans of 22-month-old girl with diffuse hepatic necrosis due to organophosphate 


poisoning. 


A, Unenhanced scan shows diffuse, poorly defined areas of low attenuation within enlarged liver. 


Focal areas of increased attenuation probably represent hemorrhage. 


B, Enhanced scan shows curvilinear areas of enhancement. Liver biopsy after CT scan showed 
marked necrosis with areas of hemorrhage. CT appearance may be confused with liver masses such as 


hemangiothelioma or diffuse metastasis. 
(Reprinted with permission from Merine et al. [6].) 


more common than with other tumors. On CT, rhabdo- 
myosarcoma appears as a poorly or well-defined low-atten- 
uation mass, as a heterogeneous mass, or almost as a cyst 
[4]. Calcifications are unusual (Fig. 18). 

Undifferentiated sarcoma.—This tumor is rare in children 
less than 5 years old. It is most common in children between 
6 and 10 years old, although it can occur at any age [1]. The 
tumor is most often predominantly cystic pathologically, and 
on CT it can have variable solid components and can contain 
calcifications. Peripheral rim enhancement may be noted (Fig. 
19). 

Metastatic disease.—Neuroblastoma, Wilms tumors, rhab- 
domyosarcoma, and lymphoma are the most common met- 
astatic liver tumors [1, 2]. 

Metastatic lesions appear most commonly as well-circum- 
scribed, hypodense, single or multiple lesions. Calcifications 
may be seen in neuroblastoma and malignant gastrointestinal 
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Fig. 22.—Contrast-enhanced CT scan of 51⁄2- 
year-old boy with primitive neuroepithelial tumor 
of liver and unknown primary tumor. Some lesions 
have targetlike appearance. 


Fig. 23.—Contrast-enhanced CT scan of 9-year- 
old girl with aplastic anemia, after bone marrow 
transplantation with graft vs host reaction. Scan 
after IV enhancement shows area of hypodensity 
involving both lobes of liver. This is traversed by 
normal-appearing vessels (arrows) consistent 
with fatty liver. 





Fig. 25.—Contrast-enhanced CT scan of 18- 
month-old girl with palpable abdominal mass 
proved to be malignant germ cell tumor of 
chest wall. On CT scan, mass (arrows) was 
interpreted as intrahepatic mass. On surgical 
exploration, mass was found to arise from an- 
terior chest wall and was only abutting and 
invaginating adjacent liver without liver in- 
volvement. 


tumors. Contrast enhancement only rarely visualizes lesions 
not seen on unenhanced scans. Occasionally, some lesions 
become isodense relative to the liver parenchyma with en- 
hancement and can be detected on unenhanced scans only. 
Central necrosis can give a bull’s-eye appearance (Figs. 20- 
22). 


Conditions That Can Mimic Hepatic Masses 
Focal Fatty Proliferation 


To the unwary, focal fatty proliferation may be misinter- 
preted as a hypodense mass. Clues to correct diagnosis 
include the lesions’s conforming to the normal hepatic contour 
and visualization of normal hepatic vessels traversing the area 
of abnormality (Fig. 23). 
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Hepatic Necrosis 


Hepatic necrosis may result from infection, trauma, vascular 
compromise, or hepatotoxins. Areas of necrosis may be seen 
as focal or diffuse areas of hypodensity. The presence of 
hemorrhage may result in a hyperdense appearance. En- 
hancement after IV contrast administration may result from 
vascular congestion (Fig. 24). Hepatic necrosis on CT may be 
confused with masses or infiltrative processes. 


Extrahepatic Masses 


Masses abutting the liver may occasionally appear to be of 
hepatic origin on CT. Multiplanar diagnostic techniques such 


as sonography or MR imaging may be needed for differentia- 
tion (Fig. 25). 
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Book Review 





Nuclear Medicine Procedure Manual. Edited by William C. Klingensmith Ill, Dennis Eshima, and John Goddard. 
Englewood, CO: Oxford Medical, 466 pp., 1990. Print format, $125; disk format, $95 


Nuclear Medicine Procedure Manual, published in an updatable 
loose-leaf format (also available on computer disk), was designed to 
be a source of information for nuclear medicine departments and their 
physicians. Its main editor is a nuclear medicine physician with 
academic, research, and private practice experience, and the two 
associate editors have Ph.D. training in radiopharmacy and medical 
physics. The manual is clearly written and is printed on good-quality 
paper with reinforced fasteners. It is divided into four sections that 
cover general policies, diagnostic procedures, therapeutic proce- 
dures, and radiopharmacy. 

The section on general policies includes general parameters for 
performing nuclear scans, including positioning of the patient and the 
camera, techniques of tracer injection, image acquisition and storage, 
and data processing. Additional areas covered include guidelines for 
scheduling patients, radiation safety, infection control, radiation emer- 
gency procedures, quality control for imaging systems, dose calibra- 
tion, laboratory and radiochemistry procedures, and regulatory 
agency information and guidelines. The manual provides succinct 
summary information in these areas and outlines a single general 
acceptable policy to be followed. Controversial areas and alternatives 
are not discussed. Each section is well referenced to allow for more 
detailed analysis. 

The section on diagnostic procedures provides protocols for per- 
forming scans, including indications for the examination preparation 
of the patient, equipment and imaging parameters, and dosage and 
administration of radiopharmaceuticals. Techniques for positioning 
the patient and the camera, scan acquisition parameters, and data 
processing formats are included also. For each examination, a single 
technique is outlined and, in an option section, alternatives or modi- 
fications are mentioned. Each part has 5-50 up-to-date references. 
Nine general categories of diagnostic procedures are covered: car- 
diovascular, CNS, endocrine, gastrointestinal, genitourinary, hema- 
tologic, infection/tumor, pulmonary, and skeletal. The endocrine sec- 


tion is particularly well done and includes helpful worksheets for the 
practicing nuclear medicine physician. The cardiovascular section is 
adequate, but in some areas on indications for procedures, it is 
somewhat limited, and the information on routine planar thallium 
stress test imaging is sparse. The therapeutic section includes pro- 
tocols for treating thyroid cancer, hyperthyroidism, polycythemia vera, 
intracavitary administration of phosphorus-32, and treatment of bone 
metastasis. 

The section on radiopharmaceuticals provides practical information 
on most commonly used radiopharmaceuticals, including clinical use 
and availability; availability of commercial sources; and radiation and 
emission information, including information on half-lives. 

The strengths of this manual are the concise, up-to-date, and well- 
referenced sections on nuclear medicine procedures and policies that 
every hospital offering nuclear medicine must have. The loose-leaf 
format allows periodic and timely updates. The major weakness of 
the manual is that, for the most part, only a single method for 
performing a given study is covered. Controversial areas in scan 
performance, scan technique, and scan interpretation are only given 
minimal reference. 

This manual will be helpful to two major groups. Hospitals in which 
nuclear medicine is performed by radiologists who may not have 
detailed, specialized training in nuclear medicine will find this manual 
most helpful in establishing their own guidelines and criteria for their 
nuclear medicine policies and procedures. The book also will be 
helpful to those more established departments of nuclear medicine 
and nuclear physicians who must routinely update their departmental 
policy and procedure manuals. This manual will allow them to do it 
relatively painlessly. 
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Early Angiographic and CT 
Findings in Patients with 
Hemorrhagic Infarction in the 
Distribution of the Middle Cerebral 
Artery 





Hemorrhagic infarction subsequent to ischemic brain damage, even if small, slight, or 
marbled, can be detected by CT. The mechanisms that give rise to this transformation 
in humans are not well elucidated. Previous reports indicate that hemorrhagic infarction 
is most common in embolic stroke and large infarcts, and can worsen the clinical state 
of ischemic patients. We examined 36 patients with supratentorial ischemic signs and 
symptoms within the first hours after onset. CT was used to judge if hypodensity on 
early CT studies might predict the development of hemorrhagic infarction. Angiography 
was used to observe the site of arterial occlusion, the state of collateral circulation, and 
the mechanisms of late reperfusion. Hemorrhagic infarction was present in 18 of our 36 
patients. Angiography revealed occlusion of the middle cerebral artery or internal carotid 
artery (three cases) in all patients. Hypodensity was present on early CT studies in all 
of the 18 patients who developed hemorrhagic infarction. 

The finding of hypodensity on CT studies performed soon after embolic ischemic 
stroke is strongly predictive of hemorrhagic transformation. 


AJNR 12:1115-1121, November/December 1991; AJR 158:151-157, January 1992 


Hemorrhagic infarction (HI) is thought to be more common in embolic than in 
thrombotic occlusions [1-3]. Furthermore, there is a direct relationship between 
the size of the ischemic area and the probability of hemorrhagic transformation [4]. 
HI stems from the malfunction of the endothelium and subsequent restoration of 
blood flow, either through fragmentation of the embolus or through collateral 
perfusion. Early CT detection of a parenchymal hypodensity provides important 
Clues to the site of arterial occlusion and may predict the severity of chronic brain 
damage [5]. 

The aim of the present study was to evaluate the possibility of a correlation 
between hypodensity on early CT studies and HI transformation of an ischemic 
area. To this end, we obtained sequential CT scans in a group of patients with 
ischemic stroke. Angiography was performed in the acute phase in order to verify 
the presence of arterial occlusion and to evaluate the early collateral blood supply 
(CBS). 


Subjects and Methods 


We studied 36 patients with supratentorial ischemic stroke in the territory of the middle 
cerebral artery (MCA) as shown by follow-up CT [5]. All patients had had an unenhanced CT 
study within 4 hr after onset of symptoms and a follow-up CT study 1 week later. Four- 
millimeter-thick slices were used in the examination of the posterior fossa up to the chiasmatic 
cistern, and 8-mm-thick slices were used above that level. Angiography was performed during 
the acute stage also, that is, within 6 hr of ictus. Angiography was repeated in three cases 
because of clinical indications. The CT study performed within 4 hr of ictus allowed us to 
evaluate early changes due to ischemia. 
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When a hypodensity was seen on early CT studies, the lesion was 
categorized as being in one of three areas: (1) lentiform nucleus, (2) 
lentiform nucleus plus cortex, or (3) cortex [5]. Early CT scans were 
also evaluated for the presence of hyperdense areas along the region 
of the main trunk of the MCA, which is considered a direct sign of an 
embolus [6]. 

Follow-up CT 1 week later allowed us to determine the frequency 
and location of HI. Lesions with clear areas of hyperdensity were 
considered HI, as were petechial hemorrhages with spotty and scat- 
tered hyperdense areas [7]. HI was anatomically classified as being 
located in one of the same three areas where hypodensities were 
seen on early CT scans. 

Angiography performed within 6 hr after ictus showed the sites of 
vascular occlusions, which were classified as the bifurcation of the 
internal carotid artery (ICA), cervical ICA, carotid siphon, MCA proxi- 
mal to the lenticulostriate arteries, MCA distal to the lenticulostriate 
arteries, trifurcation of the MCA, or peripheral branch of the MCA [8]. 
The collateral blood circulation was evaluated according to criteria 
that took into account the rapidity of filling and the number of 
branches visualized through cortical anastomoses [9-11]. 

Of the 36 patients studied, 23 were treated with anticoagulant 
therapy, which was initiated 2 to 4 hr following ictus. Three different 
antiocoagulant regimens were used: heparin, 10,000 UI IV bolus 
followed by 8000 UI IV three times a day for 3 days; calcium heparin, 
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5000 UI subcutaneously three times over 24 hr or dicumarol, one 4- 
mg tablet daily for 6 months. 


Results 


The CT and angiographic findings are summarized in Table 
1. In the 36 patients with lesions localized to the vascular 
territory of the MCA, findings on CT performed within 4 hr of 
stroke were normal in 11 and abnormal in 25 [5]. Of these 25 
patients, a slight hypodensity was seen in the lentiform nu- 
cleus in 14 cases, in the lentiform nucleus and cortical regions 
in five cases, and in the cortex only in six cases. 

In the 14 patients in whom a hypodensity was seen in the 
lentiform nucleus on early CT studies, HI occurred subse- 
quently in seven cases. In four of these cases, HI was seen 
in the lentiform nucleus (Fig. 1). Of these, angiography 
showed proximal occlusion of the MCA in one case, distal 
MCA occlusion in one, and occlusion at the trifurcation in the 
remaining two. CBS was present in all. Early CT scans 
showed hyperdensity in the MCA in all four patients, but this 
had disappeared on follow-up CT scans obtained 7 days later 


TABLE 1: CT and Angiographic Findings in Patients with Ischemic Supratentorial Stroke 








Location of Hypodensity on Location of Hemorrhagic Location of Occlusion Collateral 
Early CT/Case No. Infarct on Follow-up CT on Angiography Blood Supply 
Lentiform nucleus + cortex 
1 Lentiform nucleus + cortex Carotid siphon Absent 
2 Lentiform nucleus + cortex Proximal MCA Absent 
3 Lentiform nucleus + cortex Proximal MCA Absent 
4 Lentiform nucleus + cortex Distal MCA Absent 
5 Cortex Proximal MCA Absent 
Lentiform nucleus 
Lentiform nucleus + cortex Proximal MCA Absent 
7 Lentiform nucleus + cortex Proximal MCA Present 
8 Lentiform nucleus + cortex Proximal MCA Absent 
9 Lentiform nucleus Trifurcation of MCA Present 
10 Lentiform nucleus Trifurcation of MCA Present 
11 Lentiform nucleus Distal MCA Present 
12 Lentiform nucleus Proximal MCA Present 
13 None seen Carotid siphon Present 
14 None seen Proximal MCA Absent 
1S None seen Cervical ICA Present 
16 None seen Trifurcation of MCA Present 
17 None seen Bifurcation of ICA Present 
18 None seen Proximal MCA Present 
19 None seen Trifurcation of MCA Present 
Cortex 
20 Cortex, diffuse Distal MCA Absent 
21 Cortex, diffuse Trifurcation of MCA Absent 
22 Cortex, partial MCA branches Present 
23 Cortex, partial Trifurcation of MCA Absent 
24 Cortex, partial Trifurcation of MCA Present 
25 Cortex, partial MCA branches Absent 
None seen 
26 None seen MCA branches Absent 
27 None seen MCA branches Present 
28 None seen Trifurcation of MCA Present 
29 None seen MCA branches Present 
30 None seen MCA branches Present 
31 None seen None seen - 
32 None seen None seen ~ 
33 None seen None seen - 
34 None seen None seen - 
35 None seen None seen - 
36 None seen None seen - 


Note.—MCA = middle cerebral artery; ICA = internal carotid artery. 
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Fig. 1.—A, Early CT study shows hypodensity 
in left lentiform nucleus. 

B, Follow-up study. Hemorrhagic infarction 
has developed at same site. 


in all cases. In the other three patients, HI was observed in 
the lentiform nucleus and cortex on follow-up CT. Angiogra- 
phy showed proximal MCA occlusion in all cases with no 
evidence of CBS in two of three. Hyperdensity in the MCA 
was evident in all on the early CT study, but had disappeared 
on the follow-up CT scan. 

In seven patients with hypodensities in the lentiform nucleus 
on early CT studies, no evidence of HI was seen on follow- 
up CT. Angiography showed ICA occlusion in three cases 
(one cervical, one siphon, one bifurcation), all with good CBS; 
proximal MCA occlusion in two, with evidence of CBS in one 
of two; and occlusion at the trifurcation of the MCA in the 
remaining two, with good CBS in both. On the early CT scan, 
hyperdensity in the MCA was evident in all four patients with 
MCA occlusions and was still present in two on follow-up CT 
1 week later. 

In the group of five patients with an early hypodensity 
localized to the lentiform nucleus and cortex (Figs. 2A, 2B, 
and 3A), HI occurred in all. HI was observed in the lentiform 
nucleus and cortex (Figs. 2C-2F) in four patients. Of these, 
angiography showed proximal MCA occlusion in two (Fig. 
2G), distal MCA occlusion in one, and occlusion at the carotid 
siphon in one. CBS was absent in all. In all of these patients, 
hyperdensity in the MCA was evident on early CT but had 
disappeared on the follow-up CT. HI involving the cortex 
diffusely was found in the fifth patient (Fig. 3B). In this case, 
angiography revealed proximal MCA occlusion with no evi- 
dence of CBS. Persistence of MCA occlusion was docu- 
mented after 7 days both by MCA hyperdensity on follow-up 
CT and by repeat angiography, which also showed well- 
developed CBS (Figs. 3C and 3D). 

In the group of six patients with hypodensity limited to the 
cortical region of the MCA on early CT studies (Figs. 4A and 
4B), HI occurred in all. In four patients HI was observed to 
partially involve the cortical region (Figs. 4C and 4D). Angiog- 
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raphy showed occlusion of the MCA at the trifurcation in two 
cases (Fig. 4E), with CBS in one case, and branch occlusions 
in the remaining two cases, with evidence of CBS in one. On 
the CT study soon after ictus, hyperdensity in the MCA was 
evident in one case and was still present on follow-up CT. In 
the last two patients with hypodensities limited to the cortical 
region, HI was observed throughout the cortex. Angiography 
showed distal MCA occlusion in one and occlusion at the 
MCA trifurcation in the other. CBS was absent in both. On 
CT soon after ictus, hyperdensity in the MCA was evident in 
one patient, but was no longer present on a follow-up CT 
scan. 

In the group of 11 patients in whom no parenchymal 
hypodensity was seen on the early CT study, no HI was seen 
on follow-up CT. In five patients, angiography revealed MCA 
occlusion. Branch occlusions were seen in four of these and 
occlusion at the MCA trifurcation with good CBS was seen 
in one. On early CT, MCA hyperdensity was evident in two of 
these patients, and was still seen on follow-up CT in one. No 
arterial occlusions were seen on angiography in six of these 
patients. 

Of the group of 18 patients in whom HI developed, only 
three were treated with IV heparin (one of these patients also 
received dicumarol). Thirteen of the patients with HI were 
treated with subcutaneous calcium heparin the first day only. 
The remaining two patients with HI received no anticoagulant 
therapy. Of the group of 18 patients in whom HI did not 
develop, four were treated with IV heparin (two of these also 
received dicumarol), two were treated with subcutaneous 
calcium heparin, one with dicumarol alone, and 11 did not 
receive anticoagulant therapy. In our opinion, these data 
suggest that there is not a strong correlation between devel- 
opment of HI and anticoagulant therapy and, as this topic 
was not of primary interest in this project, the role of antico- 
agulation in these patients will not be discussed further. 
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Discussion 


Autopsy studies have demonstrated that hemorrhagic 
transformation of ischemic brain damage occurs in embolic 
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Fig. 2.—A and B, Early CT study shows hypodensity in right lentiform 
nucleus and ipsilateral cortical regions. 

C-F, Follow-up CT study. Hemorrhagic infarction involves lentiform 
nucleus and cortex on right side. 

G, Angiogram obtained shortly after ictus shows proximal occlusion of 
right middle cerebral artery. 

H, Proposed mechanisms of hemorrhagic infarction in this case might 
be explained by diagram illustrating reopening of stem-trunk of middle 
cerebral artery (white arrow) with or without late reperfusion through 
leptomeningeal anastomoses (black arrows). 


strokes more often than in thrombotic strokes. Differing rates 
of HI have been reported: 54% [1], 65% [12], and 78% [13]. 
Previous CT studies have reported HI in 39% of 115 embolic 
strokes [14]; 43% of 65 strokes, both thrombotic and embolic 
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Fig. 3.—A, Early CT study shows diffuse hy- 
podensity in territory of right cortical middle cer- 
ebral artery. Hypodensity was seen in lentiform 
nucleus too (not shown). 

B, Follow-up CT study shows development of 
diffuse ipsilateral hemorrhagic infarction involv- 
ing cortex only. Early angiogram (not shown) 
showed occlusion of proximal right middle cer- 
ebral artery with no evidence of collateral blood 
supply. 

C and D, Repeat angiograms show persistent 
occlusion of stem-trunk of right middle cerebral 
artery (C) and leptomeningeal anastomoses (ar- 
rows) from anterior cerebral artery (D). 

E, Diagram shows mechanism of hemorrhagic 
infarction in this case (arrows). 


[15]; and 40% of 65 embolic patients [7]. We found HI in 18 
(50%) of 36 patients. Angiography performed within 6 hr of 
ictus revealed MCA occlusion at varying sites (Table 1). 

It is presumed that the hemorrhagic transformation of a 
pale infarct results from two pathophysiological steps: (1) an 
ischemic insult of sufficient degree to damage the endothelial 
vascular wall and (2) the restoration of blood flow into the 
injured vascular territory. Reperfusion of an ischemic brain 
area can occur within 2 weeks from the stroke, either through 
the reopening of the major vessels that were formerly oc- 
cluded |1, 6, 16] or by the development of CBS [13, 17]. 
Previous anatomic studies [18] have identified large and 
important arterial anastomoses on the surface of the brain 
between the three major cerebral arteries. These leptomen- 
ingeal arteries may be functionally effective during the first 
hours of ischemia [5]. Only cortical vascular territories can 
take advantage of this protective mechanism; in fact, deep 
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vascular territories such as the lentiform nucleus supplied by 
lenticulostriate arteries (MCA terminal branches) have little 
possibility of such CBS [11]. Conversely, good collateral 
circulation was found to be essential for the transformation 
from ischemic infarction to HI in animal experiments [19, 20]. 
Therefore, pial collaterals seem to play two important roles: 
(1) protection of the brain tissue during the first hours after 
ischemic stroke and (2) later reperfusion of the injured vas- 
cular bed. Following the decrease in edematic compression, 
blood flow is reestablished in these small vessels, and, be- 
cause of the local breakdown of the tight junctions in their 
endothelium, diapedesis of blood occurs. Only hemorrhagic 
transformation of cortical MCA infarcts may be explained by 
this pathophysiological mechanism; development of deep 
hemorrhagic infarction occurs primarily through the reopening 
of the previously occluded MCA and its perforating branches. 
Deep and cortical MCA hemorrhagic infarction could develop 
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Fig. 4.—A and B, Early CT study shows hypodensity circumscribed in 
territory of right cortical middle cerebral artery. 

C and D, Follow-up CT study shows development of circumscribed 
hemorrhagic infarction in same territory. 

E, Angiogram soon after ictus shows occlusion of right middle cerebral 
artery at trifurcation. 

F, Mechanisms of hemorrhagic infarction in this case probably can be 
explained by diagram illustrating late reperfusion through leptomeningeal 


anastomoses (black arrows), although recanalization cannot be excluded 
(white arrow). 
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in the same patient by a combination of these two mecha- 
nisms. 

Our data seem to confirm this hypothesis. In fact, in those 
patients in our study in whom hypodensity localized only in 
the lentiform nucleus was seen on the early CT study, HI, 
when present, was always localized to the lentiform nucleus 
(Fig. 1). This confirms recanalization of the MCA stem, which 
was also documented by the disappearance, after 7 days, of 
the MCA hyperdensity detected on the early CT study. Fur- 
thermore, in those patients in whom hypodensity on early CT 
studies was localized to the lentiform nucleus and cortex, HI 
frequently developed in both anatomic structures (Fig. 2); the 
disappearance of the MCA hyperdensity in these cases indi- 
cates MCA recanalization. In the only patient in this group in 
whom HI developed that was localized only to the cortex (Fig. 
3), persistence of the MCA occlusion was suggested by 
persisting MCA hyperdensity on follow-up CT and confirmed 
by repeat angiography. The cortical HI in this case resulted 
from late development of cortical CBS, as demonstrated by 
repeat angiography (Fig. 3). Finally, in patients in whom 
hypodensity was seen in the cortex on early CT scans, HI 
always developed in the cortical territories (Fig. 4). The pres- 
ence of HI in these cases is most likely due to a late cortical 
reperfusion through leptomeningeal anastomoses (Fig. 4F). 

In 18 (72%) of 25 patients in whom hypodensities were 
seen on CT scans soon after ictus, HI developed subse- 
quently. This early CT finding, therefore, strongly predicts the 
hemorrhagic transformation of ischemic stroke (Table 1). In 
addition, HI failed to develop in any of the 11 patients in 
whom hypodensities were not seen on early CT studies. 

When hypodensity is localized only to the lentiform nucleus 
on early CT scans, the subsequent HI always involves the 
lentiform nucleus owing to the reopening of a formerly oc- 
cluded MCA. Hemorrhagic involvement of the cortex in these 
cases is dependent on the early or late development of 
leptomeningeal CBS. When hypodensity is localized to the 
cerebral cortex on early CT scans, HI always develops and 
involves the cortical territories owing to the late development 
of leptomeningeal CBS. Finally, when hypodensity is present 
in both the lentiform nucleus and cortex on early CT studies, 
HI always develops and frequently involves both territories 
owing to the reopening of the formerly occluded MCA. Our 
data confirm that hemorrhagic transformation is a rather 
common evolution of thromboembolic ischemic stroke. In 
these patients, hypodensity on early CT studies almost cer- 
tainly predicts the development of HI. This predictive value 
may play an important role in the medical management of 
stroke patients. 
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Commentary 


Hemorrhagic Infarction: Guilt by Association? 


Michael S. Pessin,' Philip A. Teal, and Louis R. Caplan 


Efforts to clarify the natural prevalence, radiologic features, 
and clinical consequences of hemorrhagic infarction (HI), as 
seen on CT, are welcome. This information is especially 
important because HI has been viewed as an ominous sign 
of potential neurologic disaster and has prompted a reluc- 
tance to use anticoagulants. More recently, fear of hemor- 
rhagic transformation has raised concern about the risks of 
using thrombolytic agents in the treatment of acute stroke. 

In the CT-angiographic report in this issue of the AJNR, 
Bozzao et al. [1] found that 50% (18/36) of their patients with 
hemispheric infarcts had HI on the CT scans obtained on the 
seventh day after stroke. No Hls were present in any patients 
on the initial 4-hr CT scan, which is consistent with other 
reports that HI develops sometime after the first several 
hours. HI is usually detected by day 3 or 4 but can be found 
in serial CT studies as late as the second week after stroke 
[2-5]. The possibility that anticoagulants, given to most of 
these patients, may have contributed to the large number of 
His cannot be dismissed entirely, but the doses and duration 
of treatment were not excessive, and other reports [3, 6-9] 
of serial CT scans in patients who did not receive anticoagu- 
lants have shown a range of HI up to 43%. As expected, 
autopsy studies [10-13] of patients who had embolic strokes 
showed a higher prevalence of HI; 50-70%, consistent with 
the more severe nature of the pathologic changes in patients 
who died. 

Bozzao et al. have shown that early hypodensity on the 
initial CT scan obtained within 4 hr of stroke was a predictor 
of HI in 72% (18/25) of their patients. HI did not develop in 
any of the remaining 11 who did not have early CT signs of 
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infarction. Yamaguchi et al. [14] found that hypodensity on 
the initial CT scan was associated with the later development 
of HI in 45 (40%) of 113 cases of cerebral embolism. Other 
CT studies have noted a relationship between the occurrence 
of HI and large infarcts with edema and mass effects [3, 7] 
and enhancement with contrast medium [3, 15]. Furthermore, 
Bozzao et al. noted a correlation between the site of cerebral 
arterial occlusion and subsequent HI. Hls deep in the hemi- 
sphere were associated with proximal occlusion of the middle 
cerebral artery (MCA), and this was followed later by frag- 
mentation of the embolus (disappearance of the hyperdense 
MCA sign). In those Hls with mostly cortical distribution, 
collateral blood channels through leptomeningeal collaterals 
probably played the major role in producing HI via late cortical 
reperfusion. Several patients had Hls in deep and cortical 
territories, suggesting that both reperfusion of proximal MCA 
occlusion and cortical collaterals played some role. 

These results support the well-known theory of “migratory 
embolism” proposed by Fisher and Adams [10] to account 
for HI, especially those deep in the hemisphere. This theory 
proposes that reperfusion bleeding occurs from injured cap- 
illaries after embolic obstruction clears and moves distally. 
The results also indicate that Hls with cortical distribution 
may occur from the effects of leptomeningeal collaterals when 
proximal occlusion of the MCA persists, a finding recorded 
by Ogada et al. [16]. Gomez et al. [17] recently have shown 
that sequential transcranial Doppler studies can indicate pas- 
sage of embolic occlusions by changes in blood-flow veloci- 
ties, making this imaging technique a safe and promising way 
to follow these patients. Hemorrhagic transformation was 
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seen on CT in two of the three patients in whom transcranial 
Doppler studies showed velocity changes consistent with 
recanalization. 

Despite our improved understanding of the prevalence, 
timing, and pathogenesis of HI, the clinical importance has 
remained uncertain. Even the current report by Bozzao et al. 
provides no comment on the clinical outcome in their 18 
patients with HI. The occurrence of HI alone does not neces- 
sarily imply a serious complication. Because, by definition, HI 
occurs within an area of infarcted tissue, the ischemic tissue 
damage itself accounts for the neurologic deficit, with little or 
no additional compromise associated with the hemorrhagic 
component. Several reports [3-5] have suggested that most 
patients are clinically stable or even improving when HI is 
discovered on CT. Among 47 patients reported by the Cere- 
bral Embolism Study Group [5] 45 of 47 were stable or 
improving when HI was first noted; two (4%) had a worsening 
of their condition associated with HI. These limited observa- 
tions strongly suggest H/ may be more of a CT curiosity than 
a dreaded complication. 

The distinction between HI and parenchymatous hematoma 
is important in the assessment of intracranial bleeding, and 
both should not be casually grouped under the broad heading 
of HI. It remains unsettled whether parenchymatous hema- 
toma, in this setting, represents a severe form of multicentric 
bleeding from reperfusion of injured capillaries as in HI or is 
an expression of a different pathogenesis, such as rupture of 
one or more small arterioles. Parenchymatous hematoma has 
been regularly associated with clinical worsening in contrast 
with HI. CT patterns separating the two entities are not always 
distinctive, but parenchymatous hematomas generally show 
a more homogeneous high-density, well-demarcated region 
with associated mass effect and extension of blood into the 
ventricle, whereas His are more inhomogeneous, patchy, and 
gyriform in distribution, occurring within an area of infarction. 
Rarely, the hematomas occur outside the area of infarction. 

How do these observations on HI relate to potential treat- 
ment strategies? The use of anticoagulants to prevent recur- 
rent cardiogenic embolism is widely accepted, but the timing 
of administration after acute siroke is controversial. The data 
prompting immediate use of anticoagulants is based on the 
observations that early recurrent embolism (brain is the main 
site) occurs in 2-21% (average, 12%) of patients during the 
first 21 days [14, 18-24]. Several studies [19, 20, 22-25] 
have shown a reduction in recurrent embolism with the use 
of anticoagulation, from 18% for patients on no or delayed 
treatment compared with 2% for patients on immediate anti- 
coagulation. However, the fear of converting a pale infarct to 
an HI or worse, a hematoma, has led many to delay antico- 
agulation. This concern has been fostered by anecdotal re- 
ports of the occurrence of hematomas in an area of infarct, 
with clinical deterioration, after early use of anticoagulation in 
acute embolic stroke [26-29]. No one factor has emerged to 
account for the formation of hematomas. Excessive antico- 
agulation, large infarcts, and uncontrolled hypertension have 
all been implicated, but none has occurred frequently enough 
to allow reliable prediction of this complication. 

Limited observations have suggested that anticoagulation 
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has no serious consequences when used even in some 
patients who have HI present on CT [4, 19, 25]. We recently 
published a report on 10 patients with HI on CT who received 
heparin, warfarin, or both to prevent early recurrent embolism 
[30]. All these patients remained stable or improved, and 
serial CT scans showed that their Hls resolved. Further study 
is necessary to clarify the risks, if any, of anticoagulation in 
patients who have HI after acute cerebral embolism. 

Intracranial bleeding has been a disturbing concern in recent 
studies of thrombolytic agents administered for acute stroke. 
The rationale for the use of these agents is based on the 
hypothesis, yet to be proved, that timely lysis of thrombus to 
restore circulation will result in reduced tissue injury and 
improved neurologic outcome, and that these will be achieved 
with an acceptably low risk of serious intracranial bleeding 
[31]. In trials of thrombolytic agents administered intraarteri- 
ally and IV, parenchymatous hematomas have occurred rela- 
tively infrequently but often with serious effects, including 
death, whereas His have been more common but clinically 
benign. 

Several investigators have administered intraarterial uroki- 
nase or streptokinase for acute stroke in the carotid [32-34] 
or vertebrobasilar [35] territories. Del Zoppo et al. [32] treated 
20 patients with occlusions in the carotid territory with uroki- 
nase and found significant improvement in 12 of 18 patients 
in whom recanalization occurred. Four His, all asymptomatic, 
occurred in the recanalized group. Similarly, Mori et al. [33] 
found recanalization in 10 of 22 patients treated with uroki- 
nase for MCA occlusions, with one asymptomatic HI in the 
recanalized group and three parenchymatous hematomas in 
the nonrecanalized group. Theron et al. [34] treated 12 pa- 
tients with carotid territory stroke with streptokinase. Three 
parenchymatous hematomas occurred in the eight patients 
who had recanalization. In patients with stroke in the verte- 
brobasilar territory, Hacke et al. [35] compared 43 patients 
treated with urokinase or streptokinase with 22 patients given 
conventional therapy with antiplatelet agents or anticoagu- 
lants. Ten of 19 patients treated with thrombolytic agents 
who had recanalization improved, compared with none of the 
other 24 who showed no recanalization. Patients treated with 
conventional therapy did poorly: 19 deaths occurred. One HI 
and three parenchymatous hematomas occurred in the 
treated patients (two each in the recanalized and nonrecan- 
alized groups). The one patient with HI was asymptomatic, 
but three patients in whom pontine hematomas developed 
worsened, and two of the three died. 

At least five preliminary studies of different design have 
used IV administered recombinant tissue plasminogen acti- 
vator (rt-PA) early after acute stroke. In a study [36] in which 
angiography was not used, escalating doses of rt-PA (alte- 
plase) given within 90 min of the onset of stroke and after 
normal findings on CT, 29 (39%) of 74 patients showed clinical 
improvement within 6 hr of treatment and smaller infarct 
volume on CT compared with 45 patients without early im- 
provement. HI occurred in three (4%) of 74 patients who did 
not have clinical worsening, and three (4%) of 74 had paren- 
chymatous hematomas with clinical deterioration, one distant 
from the original infarct. In a dose-finding safety study of rt- 


160 


PA (duteplase) [37], patients were treated within 8 hr of the 
onset of stroke and after a negative CT for intracranial bleed- 
ing and angiographic documentation of a vascular occlusion 
consistent with symptoms. No dose-recanalization response 
was found, but various degrees of recanalization were noted 
on repeat angiography. Of 104 patients receiving rt-PA, HIs 
developed in 21 (20%); four of these (19%) were associated 
with clinical worsening. Parenchymatous hematomas devel- 
oped in 11 patients (11%), and six of these (55%) had clinical 
deterioration. Two of the hematomas occurred in an area 
distant from the initial infarct. HI and parenchymatous hema- 
toma were significantly associated with time to treatment, if 
the time was longer than 6 hr, but not with rt-PA dose, 
recanalization, or CT abnormalities. Mori et al. [38] reported 
a limited two dose-placebo controlled trial of rt-PA (duteplase) 
given within 6 hr of acute stroke and after a negative CT for 
intracranial bleeding and angiographic evidence of vascular 
occlusion. Reperfusion occurred more frequently in the two 
treatment groups compared with control patients but did not 
reach statistical significance, except that in cases of MCA 
occlusions, the higher dose group had significantly more 
recanalizations than patients who received placebo. Neuro- 
logic outcome, as measured by a standard stroke scale, was 
better in the treated patients. Hls occurred in 8 (42%) of 19 
treated patients and four (33%) of 12 control subjects with 
no clinical worsening. One parenchymatous hematoma oc- 
curred in each of the two treatment and placebo groups. Von 
Kummer et al. [39] treated 27 patients with angiographically 
proved occlusions in the vertebrobasilar or carotid territories 
with two different doses of rt-PA (alteplase). The higher dose 
was associated with more recanalizations, but no difference 
in outcome occurred between the two dose groups. Fatal 
parenchymatous hematomas occurred in two patients (7%), 
and six patients (22%) had Hls with no accompanying dete- 
rioration. Yamaguchi et al. [40], using three doses of rt-PA 
(duteplase), treated 58 patients who had angiographic evi- 
dence of embolic occlusions in the carotid territory. Twelve 
patients (21%) had Hls, but no information on clinical effects 
was reported. Taken together, these preliminary studies sug- 
gest that intracranial bleeding is associated with the use of 
all thrombolytic agents, but the magnitude of this risk remains 
unknown and will require further study. 

HI is a natural and common tissue accompaniment of 
cerebral embolic infarction. Its clinical significance may have 
been exaggerated as a consequence of its association with 
the neurologic effects of the infarct itself. Future study in 
prospective, unselected patients is especially timely now that 
several treatments are being studied in patients who have 
had acute stroke. It is time for a realistic reappraisal of HI and 
its potential risks, within the perspective of potential benefits 
of newer treatments for stroke. 
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Subacute Necrotizing Myelopathy: 
MR Imaging in Four Pathologically Proved 
Cases 





This report describes the MR and correlative imaging findings of four histologically 
proved cases of subacute necrotizing myelopathy in which there was no evidence of a 
spinal dural arteriovenous fistula. Subacute necrotizing myelopathy is characterized 
clinically by progressive motor and sensory deterioration, and pathologically by necrosis 
in the spinal cord. Initial MR imaging showed focal enlargement of the spinal cord and 
nonspecific T1 and T2 lengthening. Rimlike enhancement was demonstrated in one 
case. Clinically, steroid therapy failed in all four patients. Follow-up MR scans showed 
two slightly enlarged lesions, one stable thoracolumbar lesion, and atrophy of a cervical 
lesion. Open spinal cord biopsies revealed foci of necrosis and abnormal parenchymal 
vessels with thickened hyalinized walls. A prolonged course distinguishes subacute 
necrotizing myelopathy from acute transverse myelitis, but the clinical course and 
imaging appearance are similar to those of intramedullary tumor. Rimlike rather than 
solid contrast enhancement may be a distinguishing feature. 

In the absence of a demonstrable spinal dural arteriovenous fistula, the radiologic 
differentiation of subacute necrotizing myelopathy from tumor is probably impossible, 
and biopsy establishes the correct diagnosis. 


AJNR 12:1077-1083, November/December 1991; AJR 158:163-169, January 1992 


Despite the now prevalent use of MR imaging as the primary spinal investigative 
technique [1-11], there is only occasional mention or reference to subacute 
necrotizing myelopathy (SNM) [7, 8, 11]. We report the clinical findings, MR and 
correlative imaging results, and pathology in four proved cases. Clinically and 
radiologically, our group of patients resembled patients with intramedullary tumors. 
The radiologic and pathologic findings, possible etiology, and important roles of 
enhanced MR and imaging follow-up are discussed. 


Materials and Methods 


The MR, CT, and myelographic findings in four patients with pathologic diagnoses of SNM 
were reviewed retrospectively. All the patients had a history of gradual motor and sensory 
deterioration in the lower limbs and impaired bowel and bladder function; one patient also 
had a deficit in her arms. Each patient experienced acute clinical worsening preceding hospital 
admission. 

Three patients underwent myelography with water-soluble contrast material followed by 
CT sections through the affected areas; 5-mm collimation was used. MR imaging (1.5-T 
Superconducting magnet) was performed in all four patients, and was done with a rectangular 
18- by 30-cm surface coil. All patients had unenhanced MR scans consisting of spin-echo 
T1-weighted sagittal scans, T2-weighted sagittal scans, and T1-weighted axial scans. The 
T1-weighted sequence was 600/20/4 (TR/TE/excitations) and the T2-weighted sequence 
(done with cardiac gating) was approximately 2000/70/2 (TR/TE/excitations). Gradient- 
moment nulling techniques were used in all patients to decrease CSF flow artifacts. For the 
T1-weighted sagittal sequences, 3-mm sections with an interslice gap of 0.6 mm were 
obtained; the gap was increased to 1 mm for the T2-weighted sequences. Five-millimeter- 
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thick T1-weighted axial scans with an interslice gap of 1 mm were 
obtained through the region of interest. The field of view was 24 cm 
for sagittal scans and 20 cm for axial scans; the matrix was 256 x 
256 for each case. After the preliminary sequences, one patient (case 
4) received IV gadopentetate dimeglumine at a dose of 0.1 mmol/kg 
followed immediately by a T1-weighted sequence. A follow-up MR 
scan was obtained in each patient 1-7 months after the initial study. 


Results 


The clinical histories, laboratory values, radiologic findings, 
surgical appearance, biopsy results, and postoperative 
courses for each of the patients are summarized in Table 1. 

The clinical histories of all four patients were similar and 
consisted of progressive motor and sensory deterioration 
punctuated by abrupt worsening of symptoms. Two patients 
(cases 1 and 2) had impaired motor and sensory function for 
1-2 years before a relatively abrupt onset of paraplegia and 
loss of bowel and bladder control. Following acute deteriora- 
tion (approximately at the time of the initial MR), each patient 
received steroid therapy. During the interval between MR 
studies (range, 1-7 months), no patients showed significant 
clinical improvement. 

CSF analyses from all patients showed elevated protein 
levels ranging from three to five times normal (normal, 15-45 
mg/dl) and lymphocytosis. Electromyograms (obtained in 
three patients) in conjunction with imaging studies and clinical 
findings suggested a thoracic cord tumor in case 1, a lower 
motor neuron lesion and cauda equina compression (in keep- 
ing with a herniated disk or extramedullary tumor) in case 2, 
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and myelitis in case 3. Focal cord expansion was recognized 
in two of three patients who underwent CT myelography. 

The initial MR evaluation in each case revealed focal intra- 
medullary expansion of the spinal cord (three thoracolumbar 
and one cervical) but no evidence of a spinal dural arteriove- 
nous fistula (AVF). The lesions (each expanded segment) 
exhibited isointense or decreased signal on T1-weighted im- 
ages and corresponding increased signal on T2-weighted 
images when compared with the normal spinal cord (Figs. 
1A-1D and 2A-2C). 

On interval follow-up 1-7 months later, two lesions (cases 
1 and 3) showed further slight enlargement (Figs. 1E-11), one 
lesion (case 2) was unchanged, and one lesion (case 4) was 
smaller. Enhanced MR images in case 4 initially showed 
rimlike enhancement and central decreased signal (Figs. 2D 
and 2E). Four months later, the intramedullary lesion was 
slightly smaller and showed no enhancement after the admin- 
istration of gadopentetate dimeglumine (Figs. 2F-2H). 

All four patients underwent open surgical biopsy. In each 
case, yellowish discoloration and focal enlargement of the 
cord was identified. In two cases (cases 1 and 2), prominent 
veins were found on the surface of the cord, but there was 
no other evidence of a spinal dural AVF and no hemorrhage 
or thrombosis. In every case, characteristic pathologic find- 
ings of SNM were identified (Fig. 3), including abnormal intra- 
parenchymal vessels with thickened hyalinized walls, central 
coagulative necrosis, demyelination, lipid-laden macrophages, 
and gliosis. There was no evidence of tumor or infection (gram 
stains and cultures were all negative) in the biopsies. Initially, 
gliosis was misinterpreted as low-grade astrocytoma in two 
biopsies (cases 1 and 4). 


TABLE 1: Summary of Four Pathologically Proved Cases of Subacute Necrotizing Myelopathy 





Case Age Clinical Electro- CT ; Surgical Postbiops 
No. (yr) mk Findings CSF myography Myelography Spinal Gord MA Findings Course : 
1 58 M Progressive P &P Increased Thoracic cord Not Thoracic FFE; increased Vein adherent to enlarged No change 
for 1 yr; acute protein; lesion, done T2 signal from T4 to spinal cord; sonogra- 
paraplegia; loss lymphocy- probably conus; 7 mo later, phy suggested foci of 
of bowel & tosis tumor slight enlargement; no necrosis or small cysts; 
bladder function spinal dural AVF quick-section histology 
initially suggested low- 
grade astrocytoma 
2 62 M Progressive P &P Increased Radiculop- Enlarged Conus FFE; decreased Vein adherent to enlarged No improvement, 
for 2 yr; acute protein; athy; disk conus T1 signal; increased conus; myelotomy bladder be- 
paraplegia lymphocy- herniation med- T2 signal; 1 mo later, yielded necrotic mate- came atonic 
tosis or extra- ullaris no change; no spinal rial 
medullary dural AVF 
tumor 
3 77 F _ Progressive P & P_ Increased Supported in- Normal Conus FFE with in- Enlarged conus; myelo- No change 
over 3 mo; protein; flammatory creased T2 signal; 2 tomy yielded necrotic 
acute paraple- lymphocy- process/ mo later, slight FEE, material 
gia; loss of tosis myelitis decreased T1 signal 
bowel & blad- in conus; no spinal 
der function dural AVF 
4 47 F Brown-Séquard Increased Not done Enlarged Cervical FEE, right > Asymmetric enlarged cer- No change 
syndrome (C4 protein; cervi- left; increased T2 sig- vical cord; myelotomy 
level) developed lymphocy- Cal nal, rim enhancement; yielded white friable 
over 3 wk; tosis cord 4 mo later, lesion material; quick-section 
acute worsen- smaller & no en- histology initially sug- 
ing of right- hancement; no spinal gested low-grade as- 


sided paresis 


dural AVF trocytoma 


Note.—P & P = paresis and paresthesias; FFE = focal fusiform enlargement; AVF = arteriovenous fistula. 
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Fig. 1.—Case 1: 58-year-old man who developed acute lower-extremity paralysis superimposed on chronic 
weakness and paresthesias. 

A and B, Initial sagittal T1-weighted MR images, 600/20, showed fusiform enlargement of spinal cord from 
T4 to conus. 

C and D, Sagittal T2-weighted images, 2000/80, show diffusely increased signal in same segment. These 
MR features are nonspecific and were observed on initial MR in all four cases. 

E and F, Sagittal T1-weighted images, 600/20, 7 months later show further slight enlargement and subtly 
decreased signal (arrow) in abnormal segment. 

G and H, Corresponding sagittal T2-weighted images, 2000/80, show more prominent increased signal. 

I, Axial T2-weighted image through abnormal segment confirms intramedullary abnormality. There is no 
evidence of a spinal dural arteriovenous fistula. 


Discussion cally by necrosis in the spinal cord. In most patients, the 
underlying abnormality is now believed to be a spinal dural 
SNM is an uncommon disease process characterized clini- AVF [6, 10-13]. The fistula causes stagnation (slow flow) in 


cally by progressive neurologic deterioration and pathologi- the spinal medullary veins leading to impaired spinal cord 
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E 


Fig. 2.—Case 4: 47-year-old woman with Brown-Séquard syndrome. 





A-C, Sagittal T1-weighted image, 600/20 (A), shows fusiform enlargement of cervical spinal cord and central decreased signal corresponding to 
abnormally increased signal on sagittal T2-weighted images 2000/70 (B and C). 

D and E, Sagittal (D) and axial (E) T1-weighted enhanced images, 600/20, show peripheral rimlike enhancement (arrows). There is more disease in 
right half of spinal cord, correlating with clinical findings. There is no evidence of a spinal dural arteriovenous fistula. In preparation for surgical resection, 
laminectomies were performed from C2 through C6; however, biopsy yielded subacute necrotizing myelopathy. 

F, Follow-up T1-weighted enhanced image, 600/20, 4 months later shows cervical cord atrophy and no abnormal enhancement. 

G and H, Corresponding proton density, 2000/30 (G), and T2-weighted, 2000/70 (H), sagittal images show diffuse, abnormally increased signal. MR 
findings are consistent with sequelae of long-standing ischemia and infarction. Biopsy, although small, may have contributed to final MR appearance. 


venous drainage and perfusion [12-16]. Subacute clinical 
deterioration probably reflects increasing venous pressure (or 
decreased arterial pressure), which further impairs spinal cord 
perfusion and leads to infarction. These patients may be 
considered to have the Foix-Alajouanine syndrome. This syn- 


drome was originally described by Foix and Alajouanine [17] 
in 1926. Previous reports investigating this syndrome impli- 
cated infection, thrombophlebitis, spontaneous thrombosis of 
a vascular malformation, and a specific degenerative disease 
of spinal cord vessels as possible causes [17-21]. 
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Fig. 3.—Representative micropathology of subacute necrotizing my- 
elopathy. Large postmortem axial section of spinal cord from a patient not 
included in this report demonstrates all pathologic changes seen in our 
patients. 

A, Axial histologic section through atrophic spinal cord shows cavitation 
necrosis (arrows). Abnormal, thick-walled vessels (arrowheads), charac- 
teristic of subacute necrotizing myelitis, are identified within spinal cord 
parenchyma. Normal anterior spinal artery (A), enlarged medullary vein 
(V), and adjacent spinal cord are enclosed in box. (H and E, original 
magnification x30) 

B, Magnified view of region defined by box in A. Anterior medullary vein 
(V) is markedly dilated and there is abnormal thickening of wall. (H and E, 
original magnification x 120). 

C, Higher magnification of abnormal intraparenchymal vessels identified 
in A reveals marked thickening and hyalinization of vessel walls (hv). 
Lumina are nearly occluded (arrowheads). Rarefaction of adjacent paren- 
chyma reflects myelomalacia with loss of tissue. (H and E, original mag- 
nification x300) 


Men are affected more than women, usually in the sixth 
and seventh decades of life, which parallels the prevalence of 
spinal dural AVFs [10, 12-15, 22]. Clinically, there is an initial 
spastic paraparesis resembling an upper motor neuron lesion; 
the legs later become flaccid with occasional fasciculations 
indicating dysfunction of the lower motor neuron unit as well. 
By the time of presentation, there is almost always a sensory 
deficit or paresthesia. This typically involves the posterior 
columns and spinothalamic tracts and is temporally followed 
by impaired bowel and bladder function. 

Clinically, it may be difficult or impossible to distinguish 
SNM from intrinsic spinal cord tumors or transverse myelitis, 
as acute or subacute neurologic deterioration can be seen 
with all these processes. However, chronic pain and gradual 
worsening of the paresis over a period of several months or 
years would be unlikely in transverse myelitis, as would the 
absence of significant clinical improvement after the acute 
episode. Furthermore, there is often some response to trials 
of high-dose steroids in myelitis and other inflammatory le- 
sions such as sarcoids [23]. Typically, and for the patients 
reported here, SNM does not respond to steroids. 

In addition to the pathologic finding of necrotizing myelop- 
athy, and clinical finding of subacute neurologic deterioration, 
the classic description of the Foix-Alajouanine syndrome in- 
cludes abnormal vessels on myelography and a normal angio- 
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gram (prior to superselective angiographic techniques). In our 
series, three patients had myelograms, but no abnormal ves- 
sels were identified; no patients underwent spinal angiogra- 
phy. Therefore, from the neuroimaging standpoint, the pa- 
tients reported here do not meet the classic diagnostic radio- 
logic criteria for Foix-Alajouanine syndrome. 

All four patients were investigated with MR, three after CT 
myelography. MR imaging demonstrated fusiform enlarge- 
ment of the affected spinal cord in all patients, three in the 
thoracolumbar region and one in the cervical area. Enlarge- 
ment was also recognized in two of three cases on CT 
myelography. No abnormal vessels or vascular malformations 
were identified on MR, but flow-sensitive sequences were not 
used specifically. 

On T1-weighted MR images, the lesions (enlarged seg- 
ments) exhibited hypointense or isointense signal (Figs. 1A, 
1B, and 2A) and corresponding increased signal on T2- 
weighted images (Figs. 1C, 1D, 2B, and 2C) when compared 
with the normal spinal cord. These MR features are common 
to many disease processes, including (but not limited to) 
primary spinal cord tumor, myelitis, and sarcoidosis [1, 2, 5, 
10, 23-25]. 

This combination of morphologic and signal abnormalities 
are of little differential diagnostic value. Follow-up MR scans 
may be diagnostically helpful. Specifically, MR scans obtained 
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in two patients 1 and 4 months later showed no change and 
decreased lesion size, respectively. We believe regression or 
Stability of a spinal cord lesion over time supports a nonneo- 
plastic origin. However, spinal cord tumor growth is variable, 
and follow-up over a few months is too short an interval to 
conclusively assess change in size. 

One patient (case 4) received IV gadopentetate dimeglu- 
mine during the initial MR scan, and to our knowledge, this 
was the first pathologically proved case of SNM imaged with 
the MR contrast material. The lesion demonstrated peripheral 
rim enhancement (Figs. 2D and 2E), unlike most primary spinal 
cord tumors, which show solid enhancement. Further study 
may show this pattern to be a distinguishing feature of SNM. 
However, enhancement patterns of spinal cord abnormalities 
(including tumor) are Known to be variable, and in isolation 
cannot be used to distinguish between diseases. 

There have been few reports on imaging in SNM. Dillon et 
al. [8], in their series of spinal cord lesions examined before 
and after IV administration of gadopentetate dimeglumine, 
described four AVFs. Two of four cases were associated with 
spinal cord infarction and were well seen only on enhanced 
images. They attributed T1 and T2 lengthening to edema and 
myelomalacia and abnormal enhancement to breakdown of 
the blood-cord barrier. Sze et al. [7], in their series of intra- 
medullary lesions studied with gadopentetate dimeglumine, 
included three patients with thrombosed spinal vascular mal- 
formations. They found focal hematomas but no abnormal 
vessels or enhancement. 

Criscuolo et al. [13] reported five patients with “early” Foix- 
Alajouanine syndrome, and each was documented to have a 
patent spinal dural AVF. All five patients were treated with a 
combination of intravascular embolization and surgery, re- 
sulting in subsequent improvement of motor and sensory 
deficits. The undeniable value of angiography to diagnose, 
and intravascular embolization to treat, spinal dural AVFs is 
not being disputed; however, the authors did not compare 
the angiographic findings with MR, and cord biopsies were 
not performed, leaving some doubt as to whether necrotizing 
myelopathy was in fact present. None of our patients under- 
went angiography. Therefore, at best, we can only infer the 
presence of a spinal dural AVF and the causal relationship to 
SNM. None of the MR studies performed in our patients 
revealed spinal dural AVFs, and it is possible that other as 
yet undiscovered or unrecognized entities could cause the 
same pathologic findings. 

We have shown that the recognized pathologic end stage 
(necrotizing myelopathy) of Foix-Alajouanine syndrome is 
present when MR shows a focal enlarged spinal cord with 
rim enhancement. Further investigation of these patients with 
superselective spinal angiography is controversial. Certainly, 
the clinical status, duration of symptoms, and MR findings 
(i.e., evidence of a patient spinal dural AVF) must be consid- 
ered. If a patent spinal dural AVF is demonstrated, there may 
be a role for delayed intravascular intervention or surgery. 

All four patients reported here had biopsies. The pathology 
was similar in all four cases, but actual necrosis was identified 
in only three cases. Each biopsy showed the characteristic 
pathology of SNM, including abnormal clusters of thick-walled 
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hyalinized vessels within the spinal cord, demyelination, my- 
elomalacia, and foamy lipid-laden macrophages [12, 14, 17] 
(Fig. 3). There was also a component of gliosis in each biopsy, 
which explains the initial pathologic “quick-section” diagnosis 
of low-grade astrocytoma in two cases. 

We are in agreement with the theory of elevated venous 
pressure in the draining vein of a dural AVF causing impaired 
spinal cord perfusion and the pathologic changes of SNM. To 
our knowledge, no other entity causes the same pathologic 
picture (in particular the thickened intramedullary veins) de- 
scribed above. However, as mentioned, we were unable to 
demonstrate a dural fistula on MR or at surgery. 

There was no evidence of recent hemorrhage or thrombo- 
Sis, aS described by Sze et al. [7] and Minami et al. [11], 
respectively. Slightly enlarged veins on the distal spinal cord/ 
conus at surgery in two patients were possibly related to a 
spinal dural AVF beyond the operative site or one that had 
previously been obliterated. These veins were believed to be 
patent, but a biopsy was not performed nor could their entire 
length be examined. We believe that myelomalacia and gliosis, 
with or without necrosis, were responsible for T1 and T2 
lengthening, and the peripheral MR enhancement observed 
subacutely in case 4 was secondary to ischemia/infarction 
and breakdown of the blood-cord barrier. Once infarcted, the 
involved spinal cord may become atrophic and enhancement 
less evident or absent (Figs. 2F-2H). 

The reported prognosis for Foix-Alajouanine syndrome is 
dismal [11, 15, 17-19] and consistent with the development 
of SNM. Acutely or subacutely, there is no satisfactory non- 
interventional treatment [13, 14]. After irreversible ischemic 
damage (i.e., after cord necrosis has occurred), there is little 
or no chance for significant recovery. Necrosis was found in 
the biopsies of three of four patients, and none have shown 
any Clinical improvement. 

SNM is an unusual pathologic process occurring in the 
spinal cord; its pathologic findings are identical to those in 
Foix-Alajouanine syndrome. The latter is believed to represent 
the end stage of chronically elevated venous pressure distal 
to a spinal dural AVF. We think it is important to emphasize 
that Foix-Alajouanine syndrome and SNM are not the same 
entity; nor do we imply that a spinal dural AVF is the only 
cause of SNM. SNM may have other causes; we found no 
MR evidence of a spinal dural AVF in the four proved cases 
of SNM in this report. It could be argued, however, that we 
failed to exclude Foix-Alajouanine syndrome by not perform- 
ing angiography. 

The main clinical-radiologic differential diagnoses in SNM 
are transverse myelitis and primary spinal cord tumor. Con- 
sidered alone, the unenhanced MR appearance and signal 
characteristics of SNM do not discriminate between these 
diagnostic possibilities. MR demonstration of spinal cord le- 
sion stability or atrophy over months or years and peripheral 
rimlike enhancement after contrast administration, together 
with the clinical findings of gradual progressive deterioration, 
should raise the diagnostic possibility of SNM. 

The preoperative diagnosis of SNM is difficult to determine, 
perhaps impossible unless a spinal dural AVF is demon- 
Strated, and a biopsy is usually necessary to confirm the 


AJR:158, January 1992 


diagnosis. The role of superselective spinal angiography in 
the group of patients discussed has yet to be determined. 
Certainly, the clinical status and MR findings should be con- 
sidered before proceeding to angiography. Further study in- 
cluding angiography will probably be necessary to assess the 
sensitivity of MR for spinal dural AVFs and prior to invoking 
other explanations for SNM in the absence of a spinal dural 
AVF. 
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Necrotizing Myelopathy 


Ronald C. Kim' 


The preceding paper by Mirich et al. [1] describes the MR 
findings in four subjects with biopsy-proved necrotizing my- 
elopathy. In the first three patients, the clinical course was 
characterized by progressive motor and sensory dysfunction 
in the lower extremities, evolving over periods ranging from 3 
months to 2 years. In the fourth case, the clinical course was 
characterized by a Brown-Sequard syndrome with a C4 sen- 
sory level that developed over a 3-week period. All four 
patients had abrupt worsening of their signs and symptoms. 
In each instance, initial MR imaging showed focal intramed- 
ullary expansion of the spinal cord, and histologic examination 
of the specimen obtained at surgery showed parenchymal 
coagulative necrosis and thickening and hyalinization of the 
vascular walls. A definite etiologic diagnosis could not be 
made. 

The development of clinically progressive necrosis of the 
spinal cord not related to traumatic injury, an infectious or a 
primary inflammatory process, or infiltration or compression 
by neoplasm, though not particularly common, may pose 
difficulties in diagnosis. The purpose of this discussion is to 
review briefly some of the disorders that might be considered. 

Among the circulatory disorders, the most frequently dis- 
cussed are those that are related to impairment of spinal 
venous outflow. Clinically, nonhemorrhagic venous infarction 
of the spinal cord tends to evolve over a period of weeks to 
months and is typically accompanied by extensive thrombosis 
within leptomeningeal veins [2]. The longitudinal extent of the 
damage is variable but may be considerable. Factors that 
predispose its development include hypercoagulability (e.g., 
migratory thrombophlebitis or polycythemia rubra vera) or 
spinal venous hypertension (such as that seen in the presence 
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of a spinal dural arteriovenous fistula [AVF]. The existence of 
AVFs draining into the spinal leptomeningeal venous system 
was recognized only relatively recently, with the aid of selec- 
tive spinal angiography [3] and angiotomography [4, 5], but 
these AVFs are now thought to be the commonest type of 
spinal vascular malformation [6-9]. Although the feeding ar- 
teries may be situated outside the spinal canal [4, 10], in most 
instances the vascular nidus is embedded within or is adjacent 
to the dura ensheathing the proximal spinal nerve root [7], 
thus giving rise to the term spinal dural AVF. Most of these 
lesions are found at or below midthoracic levels [4, 6-8]. 
Despite the absence in the literature of any descriptions of 
the pathologic findings within the spinal cord of angiographi- 
cally or pathologically confirmed spinal dural AVFs, it is widely 
thought that the alterations correspond to those described 
initially by Foix and Alajouanine [11] and subsequently by 
others [12-15]. These were given a variety of names, includ- 
ing subacute necrotic myelitis, Foix-Alajouanine syndrome, 
angioma racemosum venosum, angiodysgenetic necrotizing 
myelopathy, type | spinal arteriovenous malformation (AVM), 
thrombosing spinal AVM, and spinal AVM with acute neuro- 
logic deterioration [11, 13, 16-19]. The general belief is that 
shunting of arterial blood into spinal leptomeningeal veins 
results in venous hypertension, which in turn leads to inter- 
ference with venous outflow from the spinal cord, progressive 
intramedullary congestion, mural thickening and hyalinization 
within the venocapillary network, and hypoxic parenchymal 
atrophy [4, 7, 15]. 

Necrotizing myelopathy is also a feature of the condition 
referred to as neuromyelitis optica or Devic’s syndrome. 
Although the symptom complex classically consists of a com- 
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bination of blindness and paraplegia, there is no reason why 
the many disorders that have been associated with it, includ- 
ing multiple sclerosis [20, 21], acute disseminated encephalo- 
myelitis [21], varicella-zoster infection [22, 23], mumps [23], 
rubeola [23], infectious mononucleosis [24], systemic lupus 
erythematosus (SLE) [25, 26], pulmonary tuberculosis [27- 
29], and clioquinol intoxication [30-32], could not lead to the 
development of myelopathy alone. It has been repeatedly 
emphasized, for example, that the spinal cord lesions in 
Japanese patients with multiple sclerosis tend to be more 
necrotic than the lesions in other patients [33, 34]. Addi- 
tionally, of the three cases of noninflammatory necrotizing 
myelopathy described by Hughes and Mair [27] in patients 
with pulmonary tuberculosis, only one had evidence of in- 
volvement of the optic nerve. Finally, lupus myelopathy in the 
absence of optic neuropathy has been recognized for many 
years [35-38]. 

The subject of lupus myelopathy deserves further com- 
ment. Although myelopathy usually appears within a few 
years of the time at which a diagnosis of SLE is made, in a 
minority (15-20%) it is the presenting feature [38]. Typically, 
the course of illness is one of fairly rapid progression, but at 
times it is characterized by remissions and relapses. In most 
instances, the spinal cord is affected at or below thoracic 
levels, but approximately one quarter of the cases have 
involved the cervical region. Pathologically the lesion consists 
of one or more foci of subtotal coagulative or liquefactive 
necrosis [35, 37, 39, 40], although, occasionally, circumfer- 
entially distributed pallor of the white matter with ballooning 
degeneration of myelin sheaths and disruption of axons has 
been described [36, 40]. The pathogenesis of the myelopathy 
has not been determined, but at least two groups of investi- 
gators have recently suggested a relationship to the presence 
of antiphospholipid antibodies [41, 42]. 

The existence of a malignancy-associated or paraneoplastic 
necrotizing myelopathy not associated with radiation therapy 
or with compression or infiltration by tumor was first sug- 
gested by Mancall and Rosales in 1964 [43]. The subject has 
been reviewed periodically since then [44-48]. The typical 
Clinical course is one of fairly rapidly progressive neurologic 
dysfunction that reflects involvement of the spinal cord at any 
level. The condition, which has been described in association 
with a variety of neoplasms (most notably bronchopulmonary 
and lymphoreticular malignancies), is characterized by mas- 
sive or patchy multifocal coagulative necrosis affecting both 
gray and white matter, with a paucity of inflammatory cells. 
The pathogenesis of the disorder is unknown. Recently, how- 
ever, lwamasa et al. [49] have described two cases of malig- 
nancy-associated necrotizing myelopathy in which, despite 
the relative scarcity of inflammatory cells, the presence of 
herpes simplex virus type 2 was demonstrated both immu- 
nohistochemically and by electron microscopy. This raises 
the possibility that the cause of some of the other noninflam- 
matory necrotizing myelopathies that have been included in 
this discussion may, at times, be viral. 

The last major form of noninflammatory necrotizing myelop- 
athy is not associated with any other pathologic disorder. 
This condition, which was called “acute necrotic myelopathy” 
by Hoffman [50] and “progressive necrotic myelopathy” by 
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Folliss and Netsky [51], is entirely idiopathic. The pathologic 
findings, which may vary in their extent, are those of coagu- 
lative or liquefactive necrosis in the absence of striking infil- 
tration by inflammatory cells. It is likely that, as knowledge 
advances, this form of myelopathy will be shown to be etio- 
logically heterogeneous. 

The confusion caused by the noninflammatory necrotizing 
myelopathies is attributable to our lack of knowledge of the 
pathogenesis of most of these disorders, the difficulty of 
access to adequate amounts of tissue for diagnostic pur- 
poses, the relatively small number of persons with expertise 
in spinal angiography, the lack of suitable radiologic methods 
for the study of the spinal parenchymal and spinal leptomen- 
ingeal venous systems, and the relatively low frequency with 
which the spinal cord is examined at autopsy. 

In the patients described by Mirich et al. [1], we can only 
speculate about the cause of the necrotizing myelopathy. 
Although selective spinal angiography was not done, it is 
certainly possible that some of them may have had spinal 
dural AVFs. The finding of thickening and hyalinization of 
vascular walls is not specific, however, and may have been 
caused by the spinal cord necrosis [51]. More suggestive 
would have been the presence of marked thickening of the 
walls of leptomeningeal veins. Moreover, involvement of the 
cervical spinal cord, aS was seen in case 4, is most unusual, 
and the development of a Brown-Séquard syndrome has not, 
to my knowledge, previously been described in association 
with a spinal dural AVF. It is likely, therefore, that more than 
one disorder is represented in this interesting group of pa- 
tients, and | hope that MR imaging studies of the type 
described by Mirich et al. will be beneficial to our understand- 
ing of this mystifying form of spinal cord disease. 
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MR Contrast Enhancement in 
Brainstem and Deep Cerebral 
Infarction 





MR imaging with IV administration of gadopentetate dimeglumine was performed in 
89 patients with 100 clinically and radiologically documented brainstem or deep cerebral 
(basal ganglia/internal capsule) infarctions to determine the patterns and time course 
of contrast enhancement. By location, there were 61 deep cerebral, eight midbrain, 23 
pontine, and eight medullary infarctions. The age of the infarctions ranged from 1 day 
to 31⁄2 years, with 22% of the patients scanned within 4 days and 43% scanned within 2 
weeks of clinical ictus. Abnormalities on T2-weighted images were encountered in every 
case. Mass effect was seen in 10 infarctions, most commonly noted between days 2 
and 6, but persisting to day 20 in a single case. Parenchymal contrast enhancement 
was seen in 43 cases, occurring predominately between days 2 and 80. By postinfarction 
day 3 only half the strokes enhanced, although all did after day 6. Intravascular 
enhancement within the vertebral or basilar arteries was noted in five cases; all were 
brainstem infarctions imaged during the first week following ictus. Meningeal enhance- 
ment adjacent to the infarction was not seen in any case. 

Our results indicate that MR contrast enhancement of brainstem and deep cerebral 
infarctions typically occurs over a period from about 3 days to 3 months following ictus. 
Lack of both parenchymal and intravascular enhancement is thus to be expected for 
several days after a brainstem or deep cerebral infarction. 


AJNR 12:1127-1132, November/December 1991; AJR 158:173-178, January 1992 


The value of MR imaging for the detection and characterization of cerebral 
infarction is now well established [1-7]. High-signal abnormalities on T2-weighted 
images are reliably seen within the first 24 hr of most cerebral infarctions [5], a 
time when CT may be normal or demonstrate only subtle changes [8]. MR has 
proved particularly valuable in brainstem and lacunar infarctions, where the detec- 
tion rate of MR over CT appears to be even greater [9-11]. 

Contrast enhancement with gadopentetate dimeglumine has been shown to be 
a useful adjunct to routine MR imaging of stroke, especially in its ability to reveal 
altered hemodynamics associated with acute cortical infarction [12-16]. The time 
course for parenchymal enhancement in cortical infarctions appears to be similar 
on both iodine-enhanced CT and gadopentetate-enhanced MR [15]. However, 
Elster and Moody [16] have recently described two new types of enhancement 
seen on MR that precede the appearance of classic parenchymal enhancement. 
These two new types of enhancement were named the intravascular enhancement 
sign and the meningeal enhancement sign, and were identified in up to three fourths 
of patients scanned within the first few days following a cortical cerebral infarction. 

The role of contrast enhancement with gadopentetate dimeglumine in the MR 
imaging of brainstem and deep lacunar infarctions remains largely uninvestigated 
[17]. We therefore set out to examine prospectively a group of patients with clinical 
and radiologic evidence of such infarctions by contrast-enhanced MR imaging. Our 
main goals were to establish standards for the expected time course of parenchy- 
mal enhancement in these types of infarctions and to determine whether intravas- 
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cular or meningeal enhancement signs could be seen with 
strokes in these locations. 


Subjects and Methods 


The study population initially comprised 123 patients referred for 
cranial MR imaging over a 2v2 year period. Each patient enrolled into 
the study had been initially referred either for evaluation of a sus- 
pected new brainstem or deep cerebral infarction or for an unrelated 
reason but who, by history, had a clinically definite old infarction in 
one of these regions. By “deep cerebral infarction” we mean specifi- 
Cally infarctions of the basal ganglia, thalamus, cerebral peduncle, or 
internal capsule. Patients with cortical and subcortical white matter 
infarctions were specifically excluded from this study group and will 
form the subject of a separate report. 

Before imaging, each patient was examined by a neurologist, who 
established the time of clinical ictus by means of medical history and 
the probable location of the infarction by means of physical exami- 
nation. To minimize selection bias, each referred patient with a 
suspected cerebral infarction was prospectively enrolled to undergo 
MR imaging both with and without gadopentetate dimeglumine. 

After imaging, neurologic histories and MR images were reviewed 
to select a cohort of patients with definite clinical and radiologic 
evidence of a deep cerebral or brainstem infarction. From the original 
123 patients, six were eliminated because motion artifacts or other 
technical problems resulted in poor-quality MR images that were 
deemed uninterpretable. Twelve patients proved to have cortical 
rather than brainstem infarctions, as suspected clinically; these pa- 
tients were also excluded from the analysis. Finally, in 16 patients 
the MR scans were normal or showed nonspecific changes of brain- 
stem white matter disease leukoaraiosis. Since a precise focal lesion 
could not be identified to account for their symptoms, these patients 
were also excluded from the analysis. 

Our study was terminated when technically satisfactory MR images 
were obtained in 100 radiologically definite brainstem and deep 
cerebral infarctions where the clinical age was certain. Five patients 
were examined on two occasions. Six patients had infarctions in 
more than one region (medulla, pons, midbrain, basal ganglia). Over- 
all, therefore, the 100 infarctions studied came from a population of 
89 patients, 40 men and 49 women, ranging in age from 32 to 93 
years (median, 63 years). 

MR imaging was performed exclusively at high field strength (1.5 
T). Precontrast T1-weighted, T2-weighted, and spin-density images 
were obtained routinely with the use of spin-echo protocols. Precon- 
trast T1-weighted images in axial and sagittal planes were obtained 
with the following parameters: 600/20/2 (TR/TE/excitations); section 
thickness, 5 mm; intersection gap, 1.5 mm; field of view, 24 cm; 
matrix, 256 x 256. Spin-density and T2-weighted images were also 
obtained before the administration of contrast material and with the 
use of a double-echo variable bandwidth protocol: 2500/20,80/1; 
matrix, 192 x 256; and other parameters similar to those of the T1- 
weighted images. Gradient moment nulling was used to minimize 
flow-related artifacts on the 80 TE sequence only. No flow compen- 
sation gradients were used on the T1-weighted sequences, which 
might confound interpretation of an intravascular enhancement sign. 

After precontrast images were obtained, gadopentetate dimeglu- 
mine (Magnevist, Berlex Imaging, Cedar Knolls, NJ) was administered 
to each patient by IV infusion at a dose of 0.1 mmol/kg. Multiplanar 
(axial and coronal; sagittal, as needed) postcontrast T1-weighted 
images with the same parameters as listed above were obtained 
within 15 min after infusion. The images were reviewed by an expe- 
rienced neuroradiolgist who, at the time of the readings, was unaware 
of the precise clinical age of the infarction. This reader recorded his 
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observations concerning general features of the infarction seen on 
the precontrast portion of the study (such as signal abnormality, mass 
effect, location, vascular territory, and evidence of hemorrhage). Next, 
the reader recorded his observations concerning the contrast-en- 
hanced portion of the examination. Particular attention was directed 
to the timing and pattern of the appearance of contrast material within 
vessels, within the adjacent meninges, and within brain parenchyma. 
Because it is well recognized that some cerebral vessels and portions 
of the dura mater may show mild enhancement normally, only asym- 
metric enhancement of these structures seen on two adjacent sec- 
tions was scored as abnormal. The patient’s contralateral (normal) 
side thus served as an internal control against which to judge abnor- 
malities of contrast enhancement at the site of the infarction. 


Results 


Abnormalities on T2-weighted images were encountered in 
each patient. By location, the number of infarctions analyzed 
were deep cerebrum (61), midbrain (eight), pons (23), and 
medulla (eight). There were no statistically significant trends 
or biases in the distribution of patients with strokes in each 
location by sex, patient age, or age of the infarction. 

The age of the infarctions ranged from acute (4 hr) to 
remote (22 years). Because many patients were referred for 
symptoms of relatively recent onset, a majority (63/100) of 
the infarctions studied were less than 3 months old. Overall, 
22 infarctions were considered to be acute (studied within 4 
days of clinical ictus). An additional 11 patients were scanned 
between days 4 and 7, while 10 more patients were examined 
during the second week after infarction. 

Mass effect was appreciated in one medullary, four pontine, 
and five deep cerebral infarctions. It was not seen in any of 
the midbrain strokes analyzed. Mass effect was only noted 
with larger infarctions (not lacunae), such as in the pontine 
lesion of Figure 1. Mass effect occurred predominately be- 
tween days 2 and 6, with the maximum time of visualization 
at day 2. One large pontine infarction showed slight residual 
mass effect at day 10, while one large basal ganglia infarction 
still showed moderate mass effect on the lateral ventricle at 
day 20. 

Parenchymal contrast enhancement was noted in 48 cases, 
occurring predominately between days 2 and 80 (Fig. 2). The 
time course for the appearance of contrast enhancement is 
presented in Table 1. Note that for the two infarctions studied 
within 24 hr, neither showed contrast enhancement; by the 
second day only three of nine cases were enhancing. It was 
not until day 4 that the majority of brainstem and deep cerebral 
infarctions were enhancing. By the end of the first week, 
however, all infarctions demonstrated enhancement. 

Meningeal enhancement associated with the infarctions 
was not observed in any case. Intravascular enhancement of 
the vertebral or basilar arteries was seen in only five cases, 
all were moderately sized brainstem infarctions imaged during 
the first week (Figs. 3 and 4). In one additional case where 
complete thrombosis of a vertebral artery was present, high 
signal was noted within the artery before and after contrast 
enhancement. It was not possible to ascertain by visual 
inspection whether this presumed intravascular thrombus 
also enhanced. 
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Fig. 1.—Pontine infarction in a 70-year-old 
man with a 2-day history of right-sided weak- 
ness. 

A, T2-weighted image (2500/80) shows high 
signal on left side of upper pons with sharp 
medial border. 

B, Postcontrast T1-weighted image (600/20) 
shows swelling and subtle low signal in left pons, 
but no evidence of contrast enhancement. 


Fig. 2.—32-year-old woman with angiograph- 
ically proved spontaneous right vertebral artery 
dissection and Wallenberg syndrome. 

A, T2-weighted image (2500/80) obtained on 
day 2 shows high signal in right medulla (arrow). 

B, Contrast-enhanced T1-weighted image 
(600/20) shows no enhancement. 

C, Precontrast T1-weighted image (600/20) 
obtained on day 5 shows definite low signal and 
mild mass effect (arrowhead). 

D, Postcontrast T1-weighted image (600/20) 
shows strong enhancement of the infarction (ar- 
rowhead). 


Deep cerebral and basal ganglia infarctions demonstrated 
a similar time course for contrast enhancement. A typical 
example is presented in Figure 5. 


Discussion 


MR imaging is now an established technique of proved 
benefit for the early diagnosis and characterization of cerebral 
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infarction [1-17]. Positive MR findings may be present within 
a few hours of clinical ictus, a time when CT is traditionally 
negative or indeterminate [5]. The use of diffusion-sensitive 
MR sequences and paramagnetic contrast agents may poten- 
tially reveal physiologic information concerning the hemody- 
namics and full extent of brain injury unobtainable by other 
imaging methods [16, 18, 19]. 

Despite an extensive literature on the MR imaging of cortical 
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infarction, relatively few papers have appeared concerning 
the MR appearance of brainstem or lacunar infarction [9-11, 
17]. This is in contrast to the relatively high clinical occurrence 
of lacunar strokes, which comprise up to 19% of all cerebro- 
vascular pathologies [20]. Until the present era, CT has been 
the diagnostic method of choice for such lesions. Positive 
results obtained by this method have ranged from 30% to 
69%, depending on the series chosen [21]. The high number 
of false-negative studies by CT relates both to the naturally 
small size of such infarctions as well as to the presence of 
bone artifacts that prevent proper viewing of the brainstem. 

Little published literature is available concerning the ex- 
pected time course of enhancement of brainstem or deep 
cerebral infarctions on contrast-enhanced MR. Virapongse et 
al. [13] first illustrated the utility of contrast enhancement in 
three patients with lacunar infarctions, while Miyashita et al. 
[17] recently presented another nine cases. Imakita et al. [15] 
Studied the time course of gadopentetate enhancement in 35 
patients with cerebral infarction. However, as judged by their 
illustrations, their series was overwhelmingly composed of 
supratentorial cortical infarctions, not brainstem strokes. Fur- 
thermore, only five patients were imaged during the first 4 
days following ictus and only six had infarctions older than 28 
days. 


TABLE 1: Time Course for Contrast Enhancement in Brainstem 
and Deep Cerebral Infarction 
a ce a mk ee es ee se ee 








Total No. of No. with 
Time After Infarction Infarctions Enhancement (%) 
0-1 days 2 0 (0) 
1-2 days 9 3 (33) 
2-3 days 4 2 (50) 
3-4 days 7 6 (86) 
4-7 days 11 10 (91) 
7-14 days 10 10 (100) 
14-28 days 8 7 (88) 
1-3 mo 12 10 (83) 
>3 mo 37 0 (0) 
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In 1990, Elster and Moody [16] described what may be the 
two earliest signs of acute cortical cerebral infarction on 
contrast-enhanced MR: the intravascular enhancement sign 
and the meningeal enhancement sign. The intravascular en- 
hancement sign was seen in about three quarters of their 
patients during the first 3 days, presumably representing 
Sluggish flow within vessels supplying the infarction. The 
meningeal enhancement sign was seen commonly but some- 
what less frequently than the intravascular sign, and only in 
association with larger infarctions. 

In our present series of 100 brainstem and deep cerebral 
infarctions, an intravascular enhancement sign was encoun- 
tered in only five patients. These cases were all larger brain- 
stem infarctions such as that shown in Figure 4, and the 
intravascular enhancement appeared in the adjacent or more 
proximal vertebral and basilar arteries. In no case was a 
meningeal enhancement sign encountered. 

The intravascular enhancement sign is thus quite uncom- 
mon in brainstem and deep cerebral infarctions, while it is 
extremely common in cortical infarctions. An additional con- 
founding factor is that one may occasionally see this sign in 
the vertebrobasilar system in the absence of a stroke. In our 
experience this sign may incidentally be encountered in pat- 
ents whose basilar arteries are ectatic and diseased by ath- 
erosclerosis, and in some patients with small, nondominant 
vertebral arteries. We believe, therefore, that the intravascular 
enhancement sign is an unreliable ancillary sign for brainstem 
and deep cerebral infarctions. 

Consideration of relevant vascular anatomy may explain 
this discrepancy in the visualization rates of intravascular and 
meningeal enhancement signs when comparing cortical and 
brainstem infarctions. Cortical infarctions are frequently large, 
and may result from occlusion of either an entire carotid 
system or of a major cerebral artery. Conversely, a majority 
of brainstem and deep lacunar infarctions result from occlu- 
sion of small, penetrating branches of the vertebrobasilar 
system. It may be that if more critically ill patients with 
extensive vertebrobasilar thrombosis had been included in 


Fig. 3.—Intravascular enhancement sign in a 
patient with 3-day-old pontine stroke. The pa- 
tient is a 55-year-old man with lower extremity 
weakness and abducens nerve palsy. 

A, T2-weighted image (2500/80) shows 
patchy high signal in upper pons. 

B, Postcontrast T1-weighted image (600/20) 
shows equivocal parenchymal enhancement, but 
definite enhancement within adjacent basilar ar- 
tery (arrow). 
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Fig. 4.—Intravascular enhancement sign in- 
ferior to a 4-day-old pontine infarction. The pa- 
tient is a 57-year-old woman with nystagmus, 
lower extremity weakness, and right-sided inter- 
nuclear ophthalmoplegia. 

A, High signal is seen in right upper pons on 
this T2-weighted (2500/80) image. Note flow 
void in adjacent basilar artery (arrow). 

B, Postcontrast T1-weighted image (600/20) 
at same level as A shows no enhancement. 

C, T2-weighted image (2500/80) at foramen 
magnum shows flow voids in both vertebral ar- 
teries (arrows). 

D, At level of upper medulla, high signal from 
slowly flowing blood is refocused (and obliquely 
misregistered) by gradient moment nulling (ar- 
rows). 

E, Intravascular enhancement sign (arrows) is 
noted in both vertebral arteries and lower basilar 
artery on this postcontrast T 1-weighted (600/20) 
image. 



























Fig. 5.—79-year-old woman with multiple car- 
diovascular risk factors who experienced a right 
hemisphere transient ischemic attack with left- 
sided weakness 6 days before imaging. 

A, Precontrast T2-weighted image (2500/80) 
reveals multiple high-signal-intensity lesions in 
white matter, internal capsule, and thalamus, the 
ages of which are indeterminate. 

B, Postcontrast T1-weighted image (600/20) 
reveals enhancement of a right-sided lacuna (ar- 
rowhead), confirming its subacute age. 


our series the rate of occurrence of the intravascular enhance- reasonably explained. The meningeal enhancement sign has 
ment sign might have been increased. previously been reported only in association with large cortical 
The complete absence of meningeal enhancement associ- infarctions. The relatively smaller size of most brainstem and 


ated with brainstem and deep cerebral infarctions can also be deep cerebral infarctions, together with the fact that the 
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location of these infarctions is remote from the dural surface, 
may mean that engorgement of meningeal collaterals and 
subsequent meningeal enhancement would be unlikely. 

Although intravascular and meningeal enhancement signs 
were uncommonly detected in this series, classic parenchymal 
enhancement was noted in nearly half the cases. The peak 
time for visualization of parenchymal contrast enhancement 
was from about 3 days to 3 weeks, when greater than 85% 
of strokes enhanced. No brainstem or deep cerebral infarction 
in our series older than 80 days demonstrated contrast en- 
hancement. 

Another interesting observation from this present series is 
that parenchymal contrast enhancement appears to be the 
exception rather than the rule for early (i.e., less than 3-day- 
old) brainstem and deep cerebral infarctions. Similar findings 
for cortical cerebral infarctions were also noted by Imakita et 
al. [15] and Elster and Moody [16]. This is in contradistinction 
to at least one previous animal study, in which MR contrast 
enhancement was said to be reliably detected within the first 
24 hr [12]. It may very well be that by using T1-weighted 
spin-echo pulse sequences and a 0.1 mmol/kg dose of gad- 
opentetate dimeglumine, parenchymal enhancement of cere- 
bral infarction on MR will occur with a similar (or identical) 
time course to that expected for iodinated agents on CT. 

The mechanism of parenchymal contrast enhancement in 
subacute stroke with iodinated contrast agents is reasonably 
well understood [22]. It is now almost universally accepted 
that extravasation of contrast material through a leaky blood- 
brain barrier can account for most features seen on CT scans 
[23]. Increase in blood volume and luxury perfusion likely 
produce only a small fraction of the increase in attenuation 
seen with iodinated contrast agents. Caution must be exer- 
cised in the extrapolation of an exact concordance in the 
behavior of CT and MR imaging contrast agents, however. 
For example, it is well known that CT enhancement and 
radionuclide uptake do not always occur simultaneously or 
match exactly [21]. The possibility that gadopentetate dime- 
glumine also behaves somewhat differently from CT contrast 
material warrants further research. 

In most cases, contrast-enhanced images are not needed 
to diagnose an acute brainstem or deep cerebral infarction. 
Consideration of clinical history coupled with precontrast im- 
ages will usually suffice. In many cases, however, the clinical 
and radiologic picture may not be nearly so clear-cut. Rela- 
tively large but clinically silent infarctions may occur in the 
basal ganglia and thalamus. Nonspecific white matter 
changes that may mimic a stroke are frequently encountered 
in the brainstems of elderly patients. Furthermore, some 
brainstem strokes occur in critically ill or nursing home pa- 
tients, so that the precise time of clinical ictus may be in 
doubt. In these instances, knowledge of the expected time 
course of contrast enhancement on MR imaging may be both 
helpful and critical in arriving at the proper diagnosis. 

In conclusion, MR contrast enhancement of brainstem and 
deep cerebral infarction appears to occur with a time course 
similar to that expected for iodinated CT agents—over a 
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period of about 3 days to 3 months following ictus. Intravas- 
cular enhancement in the vertebrobasilar system is only oc- 
casionally noted, and meningeal enhancement is apparently 
never seen. Lack of both parenchymal and intravascular 
enhancement is thus to be expected for several days following 
a brainstem or deep cerebral infarction. 
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Real-Time Sonography in Ocular 
Trauma 





Real-time sonography was evaluated retrospectively in 71 consecutive patients with 
ocular trauma. A total of 51 vitreous hemorrhages, 20 hemorrhages in the anterior 
chamber, 22 retinal detachments, seven choroidal detachments, five foreign bodies, 
and 12 dislocated lenses were identified sonographically. In 10 instances (three choroi- 
dal detachments, six retinal detachments, and one lens dislocation), these sonographic 
findings were not apparent on clinical examination. One hemorrhage of the anterior 
chamber was missed on sonography. Both sonography and clinical examination failed 
to visualize one retinal detachment. 

The results of this study show that real-time sonography is valuable in the assessment 
of ocular trauma and supplements clinical examination with valuable information. 
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Ocular trauma is a commonly encountered clinical problem, and generally, ocular 
assessment is first done by clinical examination. After trauma, clinical examination 
often is difficult because of opacification of the ocular media, or because of the 
patient's inability to cooperate. Sonography has been used to examine ocular 
abnormalities since the late 1950s, and since this time, surprisingly little about the 
use of nondedicated high resolution real-time sonography in the evaluation of ocular 
trauma has appeared in the ophthalmologic or radiologic literature. 

We reviewed the sonographic findings in a group of patients who sustained eye 
injuries and were referred to our institution, to evaluate the use of this technique 
in this clinical situation. 


Materials and Methods 


We retrospectively studied 71 patients with ocular trauma between January 1989 and 
March 1990. Scanning was done with a Diasonics small-parts scanner (Milpitas, CA) with a 
7.5-MHz transducer, or occasionally an Acuson scanner (Mountain View, CA) with a 5-MHz 
linear-array transducer. A paraocular or closed-lid technique was used in all cases. Patients 
were not scanned until the presence of an open globe injury or globe rupture had been 
excluded by an examination performed by a qualified ophthalmologist. In cases of ocular 
trauma, we are always careful not to apply pressure to the traumatized globe in order to 
minimize the possibility of causing expulsion of the intraocular contents from an occult 
ruptured globe. Conventional sonographic transducer gel was used. 

The sonograms obtained were reviewed by two radiologists and correlated with the report 
made at the time of scanning. In addition, the charts of 40 patients were available for review. 
By reviewing the charts, the clinical history, time of injury, previous ophthalmologic history, 
and surgical findings were obtained. Surgical correlation was available in 27 cases. In many 
instances, scans were obtained only postoperatively. 

The average patient age was 37 years old; 63 were men and eight were women. Of the 
40 cases with available clinical histories, 30 were acute (<2 weeks since injury), four were 
subacute (2-4 weeks since injury), and six were chronic, (>4 weeks since injury). 
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Results 


Hemorrhage was the most common sonographic finding 
(Fig. 1). Fifty-one cases of bleeding into the vitreous body and 
20 cases of bleeding into the anterior chamber were identified. 
Nineteen of 20 cases of hemorrhage in the anterior chamber 
had an accompanying hemorrhage in the vitreous body. In 
addition, subchoroidal hemorrhage was present in four pa- 
tients, subretinal hemorrhage in nine patients, and subhyaloid 
hemorrhage in four patients. 

Membrane detachments were seen in 37 cases. Twenty- 
two of these cases were retinal detachments (Fig. 2). Most 
of the detachments were large, involving most of the retina. 
Seven patients had choroidal detachments (Fig. 3). In eight 
instances, the hyaloid body was detached (Fig. 4). Foreign 
objects were encountered in five cases. In four instances, 
intraocular air was identified (Fig. 5). 

Abnormalities of the lens also were relatively common. The 
lens was noted to be echogenic in 13 patients, consistent 
with cataract. Dislocation of the lens was identified in 12 
instances (eight posterior, three anterior, one laterally within 
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Fig. 1.—Vitreous hemorrhage. 

A, Transverse sonogram through globe. This 
patient had a direct blow to eye 1 day before 
examination, with a massive vitreous hemor- 
rhage, which could readily be seen on fundus- 
copy. Only a few scattered, low-amplitude 
echoes are visible within vitreous body. In this 
situation, increasing gain setting is often helpful 
for detecting acute hemorrhages, which are 
often only minimally echogenic. Also, note pos- 
terior displacement of lens (arrows) into anterior 
aspect of vitreous body. 

B, Transverse sonogram of eye 1 week after 
surgery to repair a ruptured globe and extraction 
of a dislocated lens. Entire vitreous body is filled 
with homogeneous echoes, representing a dif- 
fuse hemorrhage. Usually within 1-3 days after 
acute hemorrhage, vitreous body becomes 
markedly echogenic. 


Fig. 2.—Retinal detachment. 

A, After a blow to head in a motor vehicle 
accident, this patient lost vision in one eye. Ret- 
ina is detached from underlying choroidal layer 
and is seen on sonogram as two thin, echogenic 
lines at posterior aspect of vitreous body, ema- 
nating from region of optic nerve head, which is 
seen as an hypoechoic band behind globe (ar- 
row). Detached retina is not seen to pass any 
farther anteriorly than ora serrata, which is an- 
teriormost aspect of retina that inserts slightly 
posterior to ciliary body. Acute retinal detach- 
ments are seen as thin echogenic lines, whereas 
chronic retinal detachments become thicker and 
less mobile. 

B, In another patient, a focal retinal detach- 
ment is present with an accompanying tear, al- 
lowing detached segment to assume a wrinkled 
appearance. 


the iris plane; Figs. 1A and 6). In 13 instances, the lens had 
previously been extracted, and in six of these 13 instances, 
a prosthetic lens was identified. 

Surgical correlation was available in 27 cases. Five abnor- 
malities were not identified sonographically: one hyphema, 
one cataract, one retinal detachment, and two instances of 
ruptured globe (Fig. 7). Clinically, rupture of the globe was 
common, occurring in 26 patients, 24 of whom had the globe 
repaired before sonographic examination. The two ruptures 
that were not detected sonographically were subsequently 
detected clinically. In one instance, choroidal detachment was 
suspected clinically, but was not confirmed by sonography or 
during surgery and is therefore not included as a false- 
negative. No sonographic false-positive results were 
encountered. 

Comparison of sonographic with clinical findings reveals 10 
cases in which a significant abnormality that was not detect- 
able clinically was identified sonographically. These included 
three choroidal detachments, six retinal detachments, and 
one dislocated lens (Fig. 8). The patient with the dislocated 
lens found with sonography also had a retinal detachment 


AJR:158, January 1992 


Fig. 3.—A and B, Choroidal detachment. This 
patient had bilateral, extensive choroidal detach- 
ments after a motor vehicle accident. Sonograms 
show choroidal detachments as thick, convex 
membranes that almost touch at center of vitre- 
ous body, with a large quantity of echogenic 
subchoroidal hemorrhage beneath them. Cho- 
roidal membrane may extend farther anteriorly 
to ora serrata and does not usually extend to 
optic nerve posteriorly. Choroidal detachment 
invariably is thicker than an acute retinal detach- 
ment and considerably less mobile. 


A 


Fig. 4.—Subhyaloid hemorrhage. Transverse 
sonogram of eye shows posterior boundary of 
vitreous body has separated from underlying ret- 
ina (arrow), allowing potential subhyaloid space, 
which is occupied by echogenic hemorrhage, to 
be visualized. Vitreous body is a gelatinous struc- 
ture, which may at times separate from retina, 
producing a space that may fill with effusion or 
hemorrhage. Interface between this effusion or 
hemorrhage and posterior boundary of vitreous 
body is typically seen as a moderately to weakly 
echogenic line, which may at times mimic a retinal 
detachment if a persistent adhesion occurs in re- 
gion of optic nerve head. 


that had not been seen either clinically or sonographically. 
Clinical examination revealed hemorrhage in an anterior cham- 
ber that was not shown sonographically. 


Discussion 


Ocular trauma is a common problem. Its annual incidence 
is estimated at approximately 423 cases per 100,000 [1]. 
Although most of these injuries are minor, 1-5% are severe 
enough to compromise vision [1, 2]. 
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Fig. 5.—Foreign objects. 

A, A metallic foreign object in anterior portion of vitreous body is seen on an echogenic lesion 
(arrow) with extensive reverberation artifact behind it. Nonmetallic foreign objects will not produce 
same degree (if any) of reverberation. 

B, In this instance, metallic fragment is not as easily seen as on A, because it is embedded in iris 
plane; however, artifact posteriorly serves as a useful marker. When foreign objects are within sclera 
or orbital fat, they may be difficult to visualize. If air is present in eye, visualization of ocular lesions 
may be greatly compromised. 


Sonography provides good visualization of ocular anatomy, 
often allows accurate localization of intraocular foreign ob- 
jects [3], and is sensitive to changes in the soft tissues of the 
globe and its contents [4]. It is inexpensive, fast, and readily 
available in most radiology departments. Ophthalmic sonog- 
raphy is indicated whenever opacification of the media pre- 
vents adequate clinical examination of either the anterior or 
posterior segments. 

The sonographic examination of injured eyes, principally 
performed with dedicated eye sonography units has been 
described before [3, 4]. No estimates of the sensitivity of real- 
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Fig. 6.—Dislocated lens. In this patient, lens 
is shown in cross section on sonogram as an 
echogenic, circular structure within vitreous 
body. Iris plane anteriorly (arrow) is flat because 
lens has been displaced. Lens is more echo- 
genic than normal, indicating presence of a cat- 
aract. 


time sonography have, to our knowledge, been reported. As 
definitive clinical and surgical correlation is unavailable in a 
large portion of the patients in our series, we are unable to 
estimate the sensitivity and specificity of this technique in the 
evaluation of posttraumatic ocular abnormalities. In spite of 
this, we think that it is apparent from our findings that sonog- 
raphy is useful in the assessment of ocular trauma whenever 
the clinical examination is incomplete or unsatisfactory. We 
have found sonography to be most useful in the presence of 
extensive hemorrhage in the posterior segment of the globe, 
particularly for the detection of retinal and choroidal detach- 





Fig. 7.—Retinal detachment missed on sono- 
gram. Convex membranes characteristic of cho- 
roidal detachment were easily appreciated; how- 
ever, focal retinal detachment posteriorly (ar- 
row) is difficult to see even in retrospect. 
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Fig. 8.—Retinal detachment missed on fun- 
duscopy. A retinal detachment (arrow) is clearly 
visible posteriorly on sonogram, but could not be 
seen on clinical examination because of exten- 
sive hemorrhage. 


ments. It also is useful in confirming or excluding dislocation 
of the lens. 
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MR Lymphography with Iron Oxide 
Particles: Dose-Response Studies and 
Pulse Sequence Optimization in Rabbits 





Superparamagnetic iron oxide (SPIO) particles are a promising contrast agent for MR 
lymphography. The effect of SPIO on MR imaging of normal lymph nodes and the impact 
of the size of the dose have not yet been investigated in detail. Therefore, we performed 
dose-response and pulse sequence optimization studies. MR images of the iliac lymph 
nodes of 15 normal rabbits were obtained at 1.5 T with 12 different spin-echo (SE) and 
gradient-echo (GRE) sequences before and after SPIO administration. The contrast 
agent was injected into a femoral lymph vessel at five different doses (0.02-2.0 „mol 
Fe/animal). The dose that reduced signal intensity by half (EDs) was determined for 
each sequence, and images were evaluated qualitatively. Doses of 0.2 and 1.0 umol Fe 
caused a complete signal loss throughout the lymph node. In this dose range, proton 
density-weighted SE sequences showed a profound signal loss (EDs, 0.132 „mol Fe), 
and lymph nodes were sharply demarcated. The GRE sequences (EDso, 0.027-0.070 
„umol Fe) and the T2-weighted SE sequence (EDso, 0.014 umol Fe) showed an even more 
pronounced signal loss but insufficient anatomic resolution. Underdosing (<0.1 „mol 
Fe) caused only a focal signal loss in the lymph nodes. Oversaturation (2.0 „mol Fe for 
SE sequences, =1.0 „mol Fe for GRE sequences) led to image distortion and did not 
allow assessment of lymph node morphology. 

Our results show that optimal contrast enhancement of normal lymph nodes with SPIO 
can be achieved in the dose range of 0.2-1.0 umol Fe on proton density-weighted SE 
sequences. Our results may serve as a basis for further development of noninvasive 
MR lymphography. 
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The use of superparamagnetic iron oxide (SPIO) particles in MR imaging has 
introduced a new class of contrast agents specific to the mononuclear phagocy- 
tosing system [1-4] SPIO particles effectively shorten T2, producing a signal loss 
in tissues where these particles accumulate [5, 6]. Techniques for contrast- 
enhanced lymph node imaging are now possible, as certain preparations of SPIO 
are delivered to the lymph nodes after interstitial [7] or IV [8, 9] administration. 
Weissleder et al. [7] demonstrated that interstitial administration of SPIO in rats 
leads to a signal reduction in normal nodes but not in enlarged lymph nodes 
completely replaced by tumor. Similar results were found after IV injection of 
ultrasmall iron oxide particles [8]. 

The aim of the present study was to investigate the dose dependence of the 
contrast-enhancing effect of SPIO in normal lymph nodes. In particular, we inves- 
tigated the dose needed to completely enhance the entire lymph node and studied 
the impact of underdosing and oversaturation of SPIO on lymph node delineation. 
For this purpose, the amount of SPIO that reaches the lymph node must be 
reproducible and well defined. Intralymphatic infusion was chosen to minimize the 
uncertainties in delivery of contrast material to the lymph nodes when using indirect 
techniques of administration [10, 11]. At each dose, a comparison of pulse 
sequences was Carried out to finally determine the optimal imaging technique for 
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MR lymphography with SPIO. Rabbits were chosen as ex- 
perimental animals because their lymph nodes are large 
enough for reliable qualitative and quantitative image analysis. 


Materials and Methods 
Animals and Anesthesia 


Fifteen normal adult female Himalayan rabbits (breed: Chbb-HM, 
2.2-2.6 kg; breeder: Thomae, Biberach, Germany) were acquired for 
this study. The project was approved by the Senator fur Gesundheit 
und Soziales (no. 0901, Berlin, Germany). Anesthesia was induced 
by an intramuscular injection of 50 mg/kg of ketamine hydrochloride 
(Ketavet, Parke-Davis, Berlin, Germany) and 5 mg/kg of xylazine 
(Rompun, Bayer, Leverkusen, Germany). Insertion of an indwelling 
22-gauge cannula (B. Braun Melsungen AG, Melsungen, Germany) 
in a marginal ear vein allowed subsequent maintenance of anesthesia 
with a mixture of 10 mg ketamine hydrochloride and 1 mg xylazine 
in 1 ml physiologic saline as required. The maximal duration of 
anesthesia for the entire examination was 8 hr. No rabbits died during 
the examination. 


Contrast Agent 


Dextran-coated SPIO particles were used as the contrast agent 
(Schering AG, Berlin, Germany). The particles had a core diameter of 
5-10 nm (measured by electron microscopy) and a mean diameter of 
47 nm (as measured by laser light scattering). The original solution 
of SPIO contained 2.2 mol Fe/l and was diluted with physiologic 
saline to obtain five different doses (0.02, 0.1, 0.2, 1.0, and 2.0 umol 
Fe) in a volume of 2 ml (three animals per dose). 


Administration Technique 


A proximal femoral lymphatic vessel was exposed unilaterally for 
administration of the contrast agent [12]. The lymph vessel was 
cannulated with a 30-gauge lymphangiography set (Becton-Dickin- 
son, Rutherford, NJ). A constant volume of 2 ml of the contrast agent 
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was injected over 20 min at a rate of 0.1 ml/min via a perfusion pump. 
The needle was removed after the infusion, and the wound was 
closed. The ipsilateral iliac lymph nodes are the first lymph node 
group through which the contrast agent passes when the femoral 
lymphatic vessel is used as the injection site. 


MR Imaging 


MR imaging was performed with a whole-body scanner (Magne- 
tom, Siemens, Erlangen, Germany) at a field strength of 1.5 T with 
an extremity coil (diameter, 19 cm). All animals were imaged in a 
supine position. Two-dimensional spin-echo (SE) and gradient-echo 
(GRE) sequences were tested at various settings (see Table 1). 
Coronal multislice images were obtained with a slice thickness of 3 
mm and an interslice gap of 0.6 mm. When adjusting slice position, 
we focused on an optimal section through the iliac lymph nodes with 
a minimum of partial-volume averaging. Rapid coronal scout images 
150/15/2 (TR/TE/averages), at various slice positions were acquired 
to select the optimal slice. Because the anteroposterior dimension of 
the lymph nodes is 3-5 mm, an individual lymph node was typically 
visible only on a single slice. Images were obtained in all animals with 
the entire set of pulse sequences before and 3 hr after infusion of the 
contrast agent. 


Histology 


After the examination, the animals were sacrificed by exsanguina- 
tion under deep anesthesia. Dissection was performed to correlate 
the morphology of the iliac lymph nodes with the appearance on MR 
images, and the lymph nodes were removed for histologic processing. 
Histologic specimens were stained with hematoxylin and eosin and 
with Turnbull blue [13]. 


Image Analysis 


Signal intensities of at least five lymph nodes were evaluated both 
qualitatively and quantitatively at each dose. 


TABLE 1: Pulse Sequence Parameters, EDs» Values, and Dose Response Values When Iliac Lymph Nodes Were Imaged with MR 


after Enhancement with Superparamagnetic Iron Oxide Particles 


a 


Total Acquisition 


Sleep 





Sequence Time (min) EDs0 
SE 450/10/4 7.43 2.452 
SE 450/15/4 7.43 0.520 
SE 450/30/4 7.43 0.260 
SE 800/22/2 6.54 0.190 
SE 800/48/2 6.54 0.104 
SE 2000/15/1 8.44 0.143 
SE 2000/22/1 8.44 0.132 
SE 2000/48/1 8.44 0.068 
SE 2000/65/1 8.44 0.014 
GRE (FLASH) 135/10/80°/8 3.47 0.035 
GRE (FLASH) 110/15/15°/8 4.38 0.070 
3-D GRE (FISP) 30/10/30°/1 4.1 0.027 











Image Quality 
mn Dov  O0.2umolFe 1.0 umolFe Score 
-= 2.0 0.82 + 0.08 0.61 + 0.20 3 
-= 2.0 0,72 = 0.19 0.48 + 0.24 3 

1.0 2.0 0.56 + 0.15 0.41 + 0.27 2 
1.0 2.0 0.57 + 0.21 OST 2 O17 2 
0.2 2.0 0.44+0.13 0.29+0.15 1 
1.0 2.0 0.45+0.12 0.30 + 0.12 3 
0.2 2.0 0.41 +0.14 0.19 + 0.09 3 
0.2 2.0 0.29+0.13 0.19 + 0.07 2 
0.2 2.0 0.18 + 0.06 0.17 + 0.09 2 
0.2 1.0 0.17 + 0.06 0.13 + 0.02 2 
0.2 1.0 0.31 + 0.09 0.12 + 0.04 1 
0.2 1.0 0.19 + 0.05 0.09 + 0.02 1 


Note.—Spin-echo (SE) images are expressed as TR/TE/excitations; gradient-echo (GRE) sequences with fast low-angle shot (FLASH) are expressed as TR/ 
TE/flip angle/excitations, as is the three-dimensional (3-D) GRE sequence with fast imaging with steady-state precession (FISP). Images were obtained in the 
coronal plane. For all except the 3-D GRE FISP sequence, five slices were obtained with a field of view of 150 x 150. matrix of 256 x 256, and slice thickness of 
3.0 mm with 0.6-mm gap between slices, for the 3-D GRE FISP sequence, 31 slices were obtained with a field of view of 167 x 167 and slice thickness of 1.5 
mm. EDso = dose (umol Fe/extremity) that reduces lymph node signal intensity to 50%; Dun = minimal dose for complete and sufficient enhancement of lymph 
nodes; Dov = dose causing oversaturation; Slaeo = reduced signal intensity after administration of Superparamagnetic iron oxide particles. Image quality was 
assessed on a scale of 0-3. Methods of calculating EDso and Slaep are described in the Materials and Methods section. 
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Quantitative evaluation.—Signal intensities were measured in 
lymph nodes and fatty tissue by operator-defined regions of interest. 
The signal intensity of fatty tissue was used as an internal standard. 
Normalized signal intensities of lymph nodes (SI) were calculated as 
follows: SI = I./lr, where |, = intensity of lymph node and |; = intensity 
of fatty tissue. In order to determine the dose-response relationship, 
the reduced signal intensity (Slrep) in lymph nodes after administration 
of the contrast agent was calculated by dividing the signal intensity 
after enhancement (Slpost) by the signal intensity before enhancement 
(Slpre): SlReo = Slpost/Slpre. The dose at which the signal intensity is 
reduced by 50% (EDso) was determined by performing a least-squares 
fit to the data by using the Michaelis-Menten saturation kinetics curve 
as a model. Differences between pre- and postenhancement normal- 
ized signal intensities of the lymph nodes were tested for significance 
by using the Wilcoxon matched-pairs signed-ranks test at a signifi- 
cance level of .05 [14]. 

Qualitative evaluation.—A qualitative evaluation of the MR images 
was conducted by two interpreters to determine the effect the 
contrast agent had in the lymph nodes. For individual lymph nodes, 
the degree (no or poor signal loss, satisfactory signal loss) and 
extension (focal or incomplete signal loss, complete signal loss, 
oversaturation effect) of the enhancement effect was assessed by 
consensus. The images were rated on a scale of 0-2: 0 = no signal 
loss or signal loss visible but incomplete, 1 = signal loss satisfactory 
and complete, and 2 = oversaturation. Oversaturation was recog- 
nized by image distortion, the presence of hyperintense metallike 
artifacts, and the lymph nodes appearing larger than on unenhanced 
image owing to extensive signal loss. A dose was considered satis- 
factory when the effect of the contrast agent was rated as 1 in at 
least three fourths of the lymph nodes examined. 

Apart from the effect of the contrast agent, the image quality was 
assessed on a scale of 0-3: 0 = inadequate, 1 = satisfactory, 2 = 
good, 3 = excellent. 


Results 
Unenhanced Images 


A conventional anteroposterior radiograph was obtained 
after bilateral intralymphatic infusion of Lipiodol-UF (BYK 
Gulden, Konstanz, Germany) to show the appearance of 
normal iliac lymph nodes in rabbits (Fig. 1A). Figure 1B is the 
corresponding coronal MR image. Lymph nodes were em- 


Fig. 1.—Illiac lymph nodes in normal rabbits. 

A, Conventional lymphogram after bilateral 
intralymphatic infusion of Lipiodol-UF. 

B, T1-weighted coronal MR image (SE 450/ 
15). Lymph nodes (arrows) are found near aortic 
bifurcation. 
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bedded in retroperitoneal fat near the aortic bifurcation in all 
animals in the study. 

On proton density—weighted and T1-weighted SE images, 
the lymph nodes were sharply demarcated from surrounding 
fatty tissue. On proton density-weighted images, lymph 
nodes were hypointense compared with fatty tissue and 
hyperintense compared with muscle (Figs. 2A, 3C, and 4A). 
On T1-weighted images, lymph nodes were hypointense com- 
pared with fatty tissue and nearly isointense compared with 
muscle (Fig. 3A). 

Anatomic resolution was lower on T2-weighted SE images 
and on the GRE images than on the SE sequences with short 
TEs. On T2-weighted SE images, lymph nodes had a high 
signal intensity and were isointense relative to fatty tissue: 
they were markedly hyperintense compared with muscle (Fig. 
3E). On the T2*-weighted GRE images (Fig. 3G), lymph nodes 
were isointense compared with fatty tissue and hypointense 
compared with muscle. 


Enhanced Images 


On contrast-enhanced images, the lymph nodes showed a 
dose-dependent decrease in signal intensitity on all se- 
quences (compare Figs. 2-4). The data characterizing the 
dose response of lymph nodes in terms of signal intensity 
(EDs, minimal dose required, dose causing oversaturation) 
and the scores for the image quality are given in Table 1 for 
all sequences. 

Quantitative evaluation.—For heavily T1-weighted SE se- 
quences (450/10,15), the differences between unenhanced 
and enhanced signal intensity values were significant (p < 
.05) at doses of 0.1 umol Fe/animal or more. For all other 
sequences, these differences were significant (p < .05) at 
doses of 0.02 uwmol/animal or more. Figure 5 shows dose- 
response curves for four representative sequences. The heav- 
ily T1-weighted sequences (SE 450/10,15) had the highest 
EDso, and thus the lowest sensitivity to the effect of SPIO on 
enhancement. An intermediate EDs. was found for the mixed 
T1/T2-weighted and proton density-weighted SE sequences 
(SE 450/30, SE 800/22,48, SE 2000/15, SE 2000/22). The 
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lowest EDso was seen for the T2-weighted SE sequence (SE 
2000/65) and for the GRE sequences. Despite the high sen- 
sitivity of these sequences, the minimal dose required was no 
lower than for the intermediately weighted sequence SE 800/ 
48 or the proton density-weighted sequence SE 2000/22. 
Values for the reduced signal intensity on contrast-enhanced 
images are given in Table 1 for the doses 0.2 and 1.0 umol 
Fe/animal. 

Qualitative evaluation.—A synopsis of the qualitative eval- 
uation is given in Figure 6. The lowest dose used (0.02 umol 
Fe/animal) produced a barely perceptible enhancement effect 
on T2-weighted SE sequences (SE 800/48, SE 2000/48, SE 
2000/65) and GRE sequences (GRE 110/10/80°, GRE 135/ 
15/15°, three-dimensional GRE 30/10/30°) but none at all on 
SE sequences with shorter TE values (10, 15, or 22 msec). 
At 0.1 umol Fe, incomplete enhancement of the lymph nodes 
was seen on T2-weighted SE sequences and GRE se- 
quences, whereas the effect was scarcely visible on T1- 
weighted sequences. The dose of 0.2 umol Fe/animal led to 
a satisfactory or optimal effect (score of 1) on T2-weighted 
SE sequences, the proton density-weighted SE sequence 
(SE 2000/22), and GRE sequences. At the dose of 1.0 umol 
Fe/animal, the contrast-enhancing effect was maximal and 
devoid of overdosing artifacts on all SE sequences; there was 
a complete loss of signal in the lymph nodes. This dose led 
to oversaturation on GRE sequences. In three of the seven 
lymph nodes evaluated, a dose of 2.0 „mol Fe/animal pro- 
duced oversaturation effects on all the SE sequences. 

Altogether, the contrast-enhancing effect was optimal for 
the proton density-weighted sequence with the longer TE 
and the T2-weighted SE sequences (SE 2000/22, SE 800/ 
48, SE 2000/48, and SE 2000/65) at two doses (0.2 and 1.0 
umol Fe). For the remaining sequences (T1-weighted SE 
sequences, the proton density-weighted sequence SE 2000/ 
15, and the GRE sequences), an optimal signal reduction was 
found at only one of the doses tested. 


Histology 


The size of the lymph nodes ranged between 3 x 3 x 3 
mm and 12 x 6 x 5 mm (mean of the largest diameters, 7.2 
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Fig. 2.—A and B, MR images (SE 2000/22) of 
iliac lymph nodes before (A) and after (B) ad- 
ministration of superparamagnetic iron oxide 
particles at a dose of 0.1 „mol Fe/animal into 
the right hindlimb. Enhancement of lymph node 
(arrows) is incomplete. 


+ 2.9 mm). A normally active structure was seen in all the 
lymph nodes examined. Numerous germinal centers were 
situated in the outer cortex, and the medullary cords were 
populated with plasma cells. Blue-stained iron oxide particles 
were seen in macrophages of the lymph node sinuses. A focal 
enrichment in macrophages of mainly the medullary sinus was 
noticed at lower doses (0.02-0.1 „mol Fe/animal). It was only 
at higher doses (0.2 umol Fe and higher) that there was an 
even distribution throughout the macrophages of the subcap- 
sular, intermediate, and medullary sinuses. Because of the 
small number of phagocytosing cells, the follicles showed no 
stainable iron at doses below 0.1 „mol Fe and a slight uptake 
at 0.2 umol Fe or more. 


Discussion 


The lack of sensitivity and specificity of modern imaging 
techniques becomes obvious when metastases must be de- 
tected in unenlarged lymph nodes [15-20]. The fact that MR 
imaging is not specific in assessing metastatic lymph node 
involvement is due to the overlap of the longitudinal and 
transverse relaxation times of tumorous and healthy lymph 
node tissue [18]. Targeting the intact lymph node tissue with 
specific contrast agents may improve both the sensitivity and 
specificity of imaging in the assessment of lymph nodes. 
Alteration of the MR parameters when imaging lymph node 
tissue after administering tissue-specific paramagnetic or su- 
perparamagnetic substances could yield diagnostically useful 
contrast on MR images |7, 8]. 

The first experimental results with MR lymphography with 
SPIO (AMI-25) were obtained by Weissleder et al. [7] in rats. 
Interstitial administration of iron oxide particles (mean diame- 
ter, 80 nm) at a dose of 20 umol Fe per footpad led to a 
Signal loss in the popliteal lymph nodes [7]. Signal loss is 
observed in normal lymph nodes of rats also after IV admin- 
istration of ultrasmall iron oxide particles (mean diameter, 11 
nm) at a dose of 200 umol Fe/kg [7, 8]. The signal intensity 
of enlarged lymph nodes completely replaced by tumor was 
not altered by either administration technique. The character- 
istics of the signal loss induced in lymph nodes by SPIO (i.e., 
dose response, enhancement pattern, and oversaturation) 


Fig. 3.—A-H, MR images, SE 450/15 (A and 
B), SE 2000/22 (C and D), SE 2000/65 (E and F), 
and GRE 135/15/15° (G and H), of iliac lymph 
nodes before (A, C, E, and G) and after (B, D, F, 
and H) administration of superparamagnetic iron 
oxide particles at a dose of 1.0 „mol Fe/animal 
into the right hindlimb. At this dose, complete 
signal loss is seen throughout right iliac lymph 
node on all sequences. However, T2-weighted 
SE sequence (E and F) has poorer image quality 
than sequences with a short TE. On GRE se- 
quence (G and H), oversaturation is present, 
which causes lymph nodes to appear larger than 
they really are. Additionally, on GRE sequence, 
gas in sigmoid leads to susceptibility artifacts 
(arrow) in vicinity of lymph nodes. A small 
amount of superparamagnetic iron oxide has 
crossed to contralateral (left) iliac lymph node, 
Causing signal loss there. 
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Fig. 4.—A and B, MR images (2000/22) of 
right iliac lymph node (arrow) before (A) and 
after (B) administration of superparamagnetic 
iron oxide particles at a dose of 2.0 umol Fe/ 
animal into the right hindlimb. This dose led to 
oversaturation, made lymph node appear larger 
than it actually was, and produced metallike ar- 
tifacts. 
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have not been studied previously in an appropriate animal assessment of metastases in unenlarged or only slightly 
model. enlarged lymph nodes [21, 22]. Thus, MR lymphography must 

The crucial task in the future application of SPIO MR discriminate between small structures whose dimensions ap- 
lymphography for clinical lymph node staging will be the proach the limit of anatomic detail resolution currently offered 
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Fig. 5.—Dose-response curves for four representative pulse sequences. Reduced signal intensity (Slkeo) is defined in the Materials and Methods 
section. 

A-D, Doses that reduce lymph node signal intensity to 50% are 0.520 „mol Fe/animal on SE 450/15 sequence (A), 0.132 umol Fe/animal on SE 2000/ 
22 sequence (B), 0.014 umol Fe/animal on SE 2000/65 sequence (C), and 0.070 „mol Fe/animal on GRE 135/15/15° sequence (D). 
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Fig. 6.—Synopsis of qualitative evaluation of images enhanced with 
superparamagnetic iron oxide for four selected pulse sequences. Each 
symbol represents an individual lymph node: enhancement insufficient 
(open circles), satisfactory (solid circles), oversaturation (squares). 


by MR imaging facilities. Optimal imaging results with SPIO 
MR lymphography can be obtained only by reaching a com- 
promise between the high resolution needed for anatomic 
detail and good sensitivity to the T2 shortening effect of SPIO. 
A further important requirement for the successful application 
of SPIO MR lymphography is complete signal loss throughout 
healthy lymph node tissue. At the same time, oversaturation 
must be avoided. 

We studied these problems with regard to the dose de- 
pendence of lymph node signal intensities, the optimization 
of pulse sequences, and the enhancement pattern within 
individual lymph nodes. The iliac lymph nodes of normal 
rabbits, as used in our study, are large enough for a reliable 
qualitative and quantitative analysis of the enhancement ef- 
fect. Intralymphatic administration of SPIO was used to en- 
Sure reproducible delivery of defined doses to the lymph 
nodes. Thus, the dose-related appearance of lymph nodes on 
SPIO MR lymphography could be investigated in detail. Since 
intralymphatic administration of a contrast agent has consid- 
erable disadvantages, such as invasiveness and the fact that 
only the lymph nodes of the draining route are accessible, 
this administration technique has been abandoned in clinical 
practice. However, the results obtained in the present study 
may serve as a basis for comparing the contrast enhancement 
of lymph nodes after interstitial or IV administration of SPIO. 

Our results show that both the degree and pattern of signal 
reduction within lymph nodes and the differentiation of lymph 
nodes from surrounding tissue are a function of the pulse 
sequence and, in particular, of the dose. Irrespective of the 
pulse sequence and its sensitivity to SPIO, MR images 
showed inhomogeneous signal enhancement within the lymph 
nodes at the lowest doses tested. The histologic examina- 
tions indicate that this inhomogeneous pattern of signal en- 
hancement is caused by a focal enrichment of SPIO in mac- 
rophages that occurs only in the medullary sinus of the lymph 
nodes. At doses at which MR images showed a complete 
signal loss throughout the entire lymph node, histologic ex- 
amination showed that SPIO was distributed in the marginal, 
paracortical, and medullary sinuses, with a few particles lo- 
cated in the follicles. 

Comparison of the different pulse sequences tested for 
image quality and SPIO sensitivity indicated that a proton 
density-weighted SE sequence (SE 2000/22) was best for 
SPIO MR lymphography. This sequence offers high image 
quality with good anatomic resolution. Sufficient enhance- 
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ment, with complete signal loss in the lymph nodes, was 
achieved even at one tenth of the dose causing oversatura- 
tion. Thus, there is a wide dose margin for the proton density- 
weighted SE sequence. 

The T1-weighted SE sequences had the lowest dose re- 
sponse of all sequences tested; an increase in dose resulted 
in oversaturation before the lymph nodes were optimally 
enhanced. These findings are explained by the fact that lymph 
nodes already appear as hypointense structures on unen- 
hanced examinations because of the long T1 relaxation time 
of lymph node tissue [7, 18]. Despite the high image quality 
and good anatomic resolution, T1-weighted SE sequences 
are not suitable for SPIO MR lymphography because of their 
lack of sensitivity to SPIO. 

T2-weighted SE sequences and GRE sequences are con- 
sidered to be most sensitive to SPIO. This was confirmed in 
the present study by the fact that the lowest EDs was found 
for these sequences. On the other hand, both of these se- 
quences offered lower image quality with poorer anatomic 
resolution than the T1- and proton density—weighted se- 
quences. On the GRE images, oversaturation effects were 
seen at half the dose at which they occurred on the T2- 
weighted SE sequence. Therefore, the sensitive dose range 
is smaller on the GRE sequences than on the proton density- 
weighted and T2-weighted SE sequences. Although the T2- 
weighted SE sequence and the GRE sequences showed a 
lower EDs than the proton density-weighted SE sequences, 
the delineation of lymph nodes was insufficient at low doses. 
This result is explained by the incomplete enrichment of SPIO 
in the lymph nodes at these doses. Hence, compared with 
T1-weighted and proton density-weighted SE sequences, 
the high sensitivity of T2-weighted SE sequences and GRE 
sequences to SPIO does not imply a better delineation of 
lymph nodes when only small amounts of SPIO have accu- 
mulated in the lymph nodes. Lee et al. [23] recently reported 
on in vitro microscopic MR imaging of rat lymph nodes after 
IV administration of ultrasmall SPIO particles (160 umol Fe/ 
kg body weight). On enhanced images, the authors observed 
a focal signal loss only in the medullary region of the lymph 
nodes but not in the follicles. This finding may be comparable 
to our results at lower doses (<0.1 umol Fe/animal), where 
we Saw an incomplete signal loss in lymph nodes, although 
differences in the administration technique and particle size 
should be considered. At higher doses (20.2 «mol Fe/animal), 
we observed complete signal loss throughout the lymph 
nodes, and histology revealed a certain uptake of SPIO within 
follicles. This finding is similar to the distribution pattern of 
interstitially injected saccharated iron oxide in the draining 
lymph nodes of guinea pigs studied by Cohen et al. [24]. 

In conclusion, our results show that the use of SPIO in MR 
lymphography makes it possible to achieve profound signal 
loss throughout the entire lymph node. The use of proton 
density-weighted SE sequences is the appropriate strategy 
to obtain optimal results over the whole range between 
underdosing and oversaturation. It has to be kept in mind that 
for indirect administration techniques (interstitial, IV), the 
amount of SPIO that finally reaches the lymph node may vary 
for different lymph node groups within one individual. How- 
ever, only indirect administration of contrast material will be 


190 


of importance in the future application of SPIO MR lymphog- 
raphy. Further studies with this optimized examination tech- 
nique will clarify whether SPIO MR lymphography can be 
used to assess metastatic lymph node involvement and es- 
pecially to visualize small metastases in normal-sized lymph 
nodes. 
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The Relationship Between Back 
Pain and Lead Apron Use in 
Radiologists 





Anecdotal experience has suggested that back pain in radiologists may result from 
extensive wearing of lead aprons. To investigate this possibility, we sent questionnaires 
to 688 radiologists in various subspecialties whose use of lead aprons varied from none 
to moderate to extensive. The questionnaire included both objective items that quanti- 
tated apron use and back pain and subjective items that asked, for example, if the 
respondent believed that lead aprons were responsible for his or her back pain. We 
received 236 responses (34% response rate). Objective data from those radiologists 
who had experienced no back pain before wearing a lead apron (179 radiologists, 26% 
of those surveyed) were tabulated; respondents were grouped according to age, time 
spent wearing a lead apron, and degree of back pain. Odds ratios were calculated. 
Answers to subjective questions for all respondents were tabulated. 

Back pain was reported by 52% of those who estimated their lead apron use at 
greater than or equal to 10 hr per week, the mean response, as opposed to 46% of 
those who wore lead aprons fewer than 10 hr a week. These and related results were 
not statistically significant. Our study does not prove that wearing a lead apron is a 
significant risk factor for the development of back pain. 
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Back pain is a common malady, affecting between 50% and 80% of Americans 
at some point during their lives [1-6]. It is especially common among people whose 
work includes lifting, bending, and extensive driving, since these are well-estab- 
lished risk factors for back pain [1-9]. Anecdotal experience among radiologists, 
especially those involved in lengthy angiographic, interventional, and neuroradio- 
logic procedures, has suggested that wearing lead aprons might be a vocational 
risk factor for back pain. To investigate this possibility, we conducted a question- 
naire survey and evaluated the results statistically. 


Materials and Methods 


A four-part, 23-item questionnaire was mailed to 688 radiologists. Members of the Society 
of Gastrointestinal Radiology (200 members), of the Society of Cardiovascular and Interven- 
tional Radiology (108 members), and of the San Diego Radiology Society (180 members) 
were surveyed, as were 200 randomly selected members of the American Institute of 
Ultrasound in Medicine. Gastrointestinal, cardiovascular, and interventional radiologists were 
surveyed to obtain information from a group of radiologists who had worn lead aprons 
extensively; sonographers were included to obtain information from a control group who had 
minimal to no apron use. 

General information including the respondent's age and sex was obtained in the first part 
of the questionnaire. The second part dealt with use of lead aprons. Specific items asked the 
respondent to estimate the average number of hours per week and the total number of years 
that he or she had worn a lead apron. The third part of the survey asked the respondent if 
he or she had ever experienced back pain, and if so, whether its onset predated the use of 
lead aprons. Respondents were also asked whether the back pain was ever severe enough 


192 MOORE ET AL. 


to cause them to cancel their cases or to miss any days of work. In 
the concluding section of the questionnaire, respondents whose initial 
back pain began after the use of a lead apron were asked if they 
thought the apron was responsible for their symptoms. All respon- 
dents with back pain were asked if their symptoms worsened when 
they used a lead apron, if they consciously limited the amount of time 
spent wearing a lead apron because of back pain, and if they had 
ever considered a change in subspecialty because of the pain. 

Information from the returned surveys was tabulated. To minimize 
age as a confounding variable, we divided respondents into three 
age groups (30-40, 41-50, and 51-67 years old). Sex was not 
controlled, as most authors have found no significant difference in 
the frequency of back pain between men and women [1-3, 5]. For 
statistical analysis, the following definitions were used: (1) frequent 
apron user = one who estimates his or her apron use at greater than 
or equal to 10 hr/week (the median response); (2) long-term apron 
user = one who estimates his or her total career apron use at greater 
than or equal to 8000 hr (the median response); and (3) severe back 
pain = back pain sufficient to cause the respondent to miss 2 or 
more work days during the past year or to postpone or cancel cases 
for 2 or more days during the past year. 

Within each age group a two-by-two table was constructed to 
answer the following question: Does back pain develop more often 
in persons who use lead aprons frequently than it does in persons 
who use lead aprons infrequently? Persons who experienced back 
pain before they ever began wearing a lead apron were excluded to 
minimize confounding factors. The odds ratio (OR) was then calcu- 
lated for each table, and after interaction was ruled out by the method 
of Woolf [10, 11], the ratios were combined by using the method of 
Mantel and Haenszel [10, 12], yielding an overall odds ratio, the 
OR mantel-Haenszei (ORm-n). Confidence limits were calculated in the man- 
ner described by Woolf [10, 11] and significance assessed by the 
chi-square test of Mantel and Haenszel [10, 12]. 

A similar method was used to answer each of the following 
questions: (1) Does severe back pain develop more often in persons 
who use lead aprons frequently than it does in persons who use lead 
aprons infrequently? (2) Does back pain develop more often in long- 
term apron users than in persons who have not been long-term apron 
users? (3) Does severe back pain develop more often in long-term 
apron users than in non-long-term apron users? 


Results 


Questionnaires were returned from 236 of 688 individuals 
(34% response rate). Not all respondents answered all ques- 
tions. Twenty-five (11%) of the respondents were women. 
Respondents were from 30 to 67 years old. One hundred 
thirty-seven (58%) of the respondents had experienced back 
pain at some point during their lives, similar to that reported 
in the literature for the general population [3]. 

Two hundred eighteen respondents reported at least some 
wearing of lead aprons. Estimates of weekly use varied from 
O to 60 hr; the median was 10 hr. Estimates of the total 
number of hours of apron use ranged from 0 to 64,000 hr; 
the median was 7800 hr. 

After eliminating the questionnaires of respondents whose 
history of back pain predated their use of lead aprons and of 
respondents who failed to report their age or answer pertinent 
questions about apron use or back pain, we obtained a study 
group of 179 subjects. 

Back pain was reported by 52% of those who used aprons 
frequently, compared with 46% of those who used aprons 
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infrequently (ORm-n = 1.18 with 95% confidence limits of 0.64 
and 2.15). Severe back pain was reported by 12% of frequent 
apron users and 8% of infrequent apron users (ORwm.n = 1.61 
with 95% confidence limits of 0.55 and 4.68). Back pain was 
reported by 49% of long-term apron users and 48% of non- 
long-term apron users (ORw.4 = 0.83 with 95% confidence 
limits of 0.43 and 1.59). Severe back pain was reported by 
12% of long-term apron users as opposed to 7% of non- 
long-term apron users (ORm.n = 2.29 with 95% confidence 
limits of 0.66 and 7.92) (Table 1). None of these differences 
was Statistically significant. 

Of those respondents who first experienced back pain after 
they began to wear a lead apron, 43% (33/76) thought that 
the apron was at least partly responsible for their symptoms. 
Of all respondents with back pain, 49% (62/127) reported 
that their pain worsened when they used a lead apron. Back 
pain caused 24% (32/131) of all respondents with back pain 
to consciously limit the amount of time spent wearing a lead 
apron and led 7% (9/128) to consider a change in subspe- 
cialty. The average radiologist in this survey missed 0.6 days 
of work during the past year as a result of back pain (range, 
0-21 days). 


Discussion 


A number of problems are inherent in any epidemiologic 
study of back pain. First, back pain is a subjective symptom. 
Many persons who have back pain, even severe, have no 
radiologic or other objective evidence of pathologic change. 
The presence and severity of back pain must be judged by 
the respondent's own assessment of his or her condition. 
Individual variation in pain perception is unavoidable. Second, 
anything less than a 100% response to a questionnaire raises 
the question of selection bias, that the subset who respond 
to a survey may not accurately represent the entire group 
surveyed. This is particularly a problem when the hypothesis 
being tested is unavoidably revealed by the nature of the 
questionnaire. If in this study, for example, the response rate 
of that group of radiologists with both back pain and extensive 
apron use was disproportionately high, an association be- 
tween the two might mistakenly be concluded. Finally, asso- 
ciation may exist without causation. 

There are also problems associated with studying the use 
of lead aprons. Not all lead aprons are alike. Variation in 
weight and structure could significantly alter stresses on the 
back. Also, respondents may not accurately estimate their 
past apron use. Despite these difficulties, relevant information 
can be gained from studies of this type. 

Although many radiologists thought that lead aprons played 
a role in the development of their back pain, our study did not 
show a Statistically significant association. Trends were ap- 
parent in several categories: 12% of persons who wore a 
lead apron 10 hr/week or more reported that back pain 
caused them to miss 2 or more days of work during the 
preceding years, whereas only 8% of those who wore an 
apron fewer than 10 hr/week reported a similar number of 
missed work days. Twelve percent of those who estimated 
they had worn a lead apron for 8000 or more hr during their 
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TABLE 1: Summary of Objective Data on Lead Apron Use and Back Pain in 179 Subjects 
a 


Hours of Apron Use 





Back Pain Back Pain 
10 or more/wk 40 37 
Fewer than 10/wk 47 99 
(OR = 1.18 
8000 or more, ca- 45 46 
reer total 
Fewer than 8000, 42 46 


career total 


No. With New No. Without 


(OR = 0.83) 


No. Who Missed 2 
or More Days of 
Work in Past Year 


No. Who Missed 
Fewer than 2 Days 
of Work in Past Year 





9 68 

8 94 
(OR = 1.61) 

11 80 

6 82 
(OR = 2.29) 


Note.—Percentages reported in the Results section were calculated directly from these data. Odds ratios (OR) and 
confidence limits were calculated from these data by using the statistical methods cited in the Materials and Methods 


section to normalize for age. 


career reported that they had missed 2 or more days of work, 
whereas only 7% of those who had worn an apron for fewer 
than 8000 hr reported 2 or more missed work days. It may 
be that a weak but statistically significant association exists 
that would be demonstrated by a larger study. However, the 
current study shows no strong association. 

A further point deserves mention. In this study we have 
primarily evaluated use of lead aprons as a risk factor for the 
development of new back pain. Another question is more 
difficult to answer objectively but is important: Does use of a 
lead apron exacerbate preexisting back pain? A larger pro- 
spective study is warranted to evaluate this question further. 

The lead apron clearly plays an important role in modern 
radiologic practice, protecting the fluoroscopist from poten- 
tially harmful radiation. Although some anecdotes have sug- 
gested otherwise, our study does not prove that wearing a 
lead apron is a significant risk factor for the development of 
back pain. 
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A New Electronically Enhanced 
Biopsy System: Value in Improving 
Needle-Tip Visibility During 
Sonographically Guided Interventional 
Procedures 





Sonographically guided fine-needle biopsy procedures are hampered by poor visibility 
of the needle tip. This study was performed to evaluate a new system for placing 
needles under sonographic guidance. The Biosponder needle (Advanced Technology 
Laboratories, Bothell, WA) incorporates a specialized stylet with a passive sensor at its 
tip. When an ultrasound pulse is detected by the sensor, an electrical signal is trans- 
mitted to the sonographic unit by a battery-powered electronic module connected to the 
stylet and to the scanner. This signal is converted into a bright, flashing marker on the 
screen at the precise location of the needle tip. The Biosponder system, which uses 20- 
or 22-gauge needles, was compared with a 20-gauge Turner needle (Cook, Bloomington, 
IN) in 18 patients with masses or fluid collections and two patients requiring nephrostomy 
tube placement. The tip of the Turner needle could not be localized precisely in any 
patient. The shaft of the Turner needle was seen clearly in 13 patients, poorly in three, 
and was not visualized at all in four patients. Excluding four instances of mechanical 
failure, the Biosponder system allowed precise localization of the needle tip in every 
patient and was consistently rated as easier to use than the Turner needle. 

We conclude that the Biosponder needle, with its precise tip localization and ease of 
use, is a valuable tool for sonographically guided needle placement. 
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Biopsy techniques under radiologic guidance have gained widespread accept- 
ance. The ability of sonography to localize masses precisely and show the place- 
ment of biopsy needles has made it possible to perform this procedure routinely in 
an outpatient setting [1-3]. Unfortunately, the tip of the needle may be extremely 
difficult to visualize sonographically, whether real-time sonography is used alone 
[4] or combined with color Doppler imaging [5, 6]. Although biopsies often can be 
performed adequately without visualization of the needle tip, the ability to visualize 
the position of the needle tip clearly at all times would obviously increase the 
physician's confidence, decrease the number of biopsies that are unsatisfactory, 
lessen the number of passes made per procedure, and decrease morbidity. 

A new sonographic biopsy system was evaluated in which the needle tip of a 
specialized stylet is visualized electronically by using a small battery-powered 
sensor located in the tip of the stylet. This system was compared with a conven- 
tional Turner needle with respect to visibility of the needle tip and ease of use. 


Subjects and Methods 


The Biosponder needle-tip guidance system consists of an electronic amplifier module and 
a specialized needle (Fig. 1) in conjunction with a standard sonographic unit (Ultramark 4 or 
Ultramark 9) and a mechanical Access sector transducer (Advanced Technology Laboratories, 
Bothell, WA). The needle is connected to the amplifier module. The module and sector 
transducer are coupled to the Ultramark sonographic unit. The Biosponder system determines 
the position of the needle tip by using a miniature receive-only transducer or sensor located 
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Fig. 1.—Photograph of Biosponder needle system, consisting of a 
disposable needle (straight arrow) and stylet (curved arrow). Electrical 
cord connects stylet to an amplifier. 


in the tip of a stylet. The sensor material is a low-cost piezoelectric 
polymer. When an ultrasound pulse is detected by the sensor, an 
electrical pulse is generated that is transmitted to the amplifier mod- 
ule. The Biosponder module injects the electrical pulse into the 
Ultramark sonographic system, which displays it on the monitor as a 
small flashing echogenic dot, simulating a reflected echo at the 
location of the needle tip. The bright echo displayed on the monitor 
when the stylet tip is insonicated changes in size, depending on the 
Access transducer’s lateral resolution at that depth. The module has 
several sensitivity and power settings to control the size of the signal 
displayed on the monitor at depth changes. Reducing the module 
sensitivity or system output power reduces the needle depth range 
for a given scanhead frequency. The width of the bright echo is 
reduced at lower settings. If the marker disappears at greater depth 
within the penetration range, either the power level or sensitivity 
setting can be increased. 

The accuracy of the Biosponder needle tip was verified in vitro by 
using a transparent string phantom. The needle was inserted into the 
phantom under visual guidance so that its tip was adjacent to the 
string. The transducer was then positioned so that the electronic 
needle-tip marker and the string image were both displayed on the 
scanner monitor. The distance between the center of the marker and 
the string could then be measured in both the axial and lateral 
directions. These tests confirmed that the electronic marker actually 
corresponded to the position of the Biosponder needle tip. Either 
guided or free-hand technique can be used. With a biopsy guide, the 
needle is automatically directed into the slice formed by the real-time 
sector. The Biosponder module also produces an audible tone to 
indicate that the sensor in the stylet is within the scanning plane. 
Because the sensor is powered by low-voltage batteries, no electrical 
leakage to the patient is possible. The needle is supplied by the 
manufacturer as a sterile, disposable needle and stylet with an 
electrical cord connecting the needle to the amplifier. The stylet is 15 
cm long, and the cable is 1.5 m long (Fig. 1). 

Three experienced operators performed sonographically guided 
needle placement in 20 patients for three fluid aspirations, 15 aspi- 
ration biopsies, and two nephrostomy tube placement procedures. 
Of the 15 aspiration biopsies, 10 were hepatic masses, two were 
pancreatic, one was in the stomach, and two were in the neck. The 
three fluid aspirations were located in the right lower quadrant of the 
abdomen. The target lesion ranged in size from 7 mm to 8 cm in 
maximum diameter, and depth ranged from 1.5 cm to 7.0 cm. Either 
a 3.0- or 5.0-MHz Access transducer was used. Two passes were 
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performed during each procedure. The first pass was made with a 
conventional 20-gauge Turner needle. The second pass was done 
with either a 20- or a 22-gauge Biosponder needle. Approval of the 
human subjects protection committee was obtained, although the 
Biosponder needle has been approved by the Food and Drug Admin- 
istration and posed no additional risk to the patient other than that 
associated with routine needle placement. Informed consent was 
obtained in all cases. 

During passes with the Turner needle, every attempt was made to 
optimize visualization of the needle tip, including use of a needle 
guide, gentle up-and-down movement of the entire needle, and 
movement of the inner stylet. The entire procedure was monitored 
by using real-time sonography for reasons of accuracy and safety 
and to aid in the localization of the Turner needle tip. After each 
procedure, the two needle systems were evaluated by the operator 
for visibility of the needle tip and ease of use. The Biosponder system 
was rated easier to use, the same, or more difficult to use than the 
Turner system. No attempt was made to segregate the material 
obtained with the two types of needle because we were evaluating 
visualization of the needle tip only. 


Results 


The tip of the Turner needle could not be localized precisely 
in any of the 20 patients (Figs. 2-5). Clear visualization of the 
shaft of the Turner needle was possible in 13 patients. How- 
ever, artifacts from either air trapping or reverberation made 
precise localization of the tip impossible. The Turner needle 
could not be visualized at all in four patients: one who was 
extremely obese, one whose mass was surrounded by bowel, 
one whose mass was superficial and surrounded by echo- 
genic soft tissues, and one who was obese and had an 
echogenic kidney. 

When the Biosponder system was used, the needle tip was 
localized precisely in 16 of 20 patients. The Biosponder 
system failed in four patients, either because connecting wires 
to the needle stylet came loose during sterilization (three 
patients) or the resistors in the amplifier module failed (one 
patient). Consequently, the Biosponder system was revised 
three times during the study, twice for loose wires and once 
for resistor failure. Before the second revision, 10 procedures 
were performed. The Biosponder system was rated easier to 
use than the Turner system in five procedures; the same in 
three, in which loose connecting wires caused failure of 
visualization of the needle tip electronically; and more difficult 
in two procedures, in which loose connecting wires to the 
needle stylet, although not responsible for complete failure of 
the Biosponder, required manipulation of the wires by the 
operator. After the second revision, 10 additional procedures 
were performed. The Biosponder system was rated easier to 
use in nine procedures and the same in one, in which resistor 
failure rendered the module inoperable. Failure of the Bio- 
sponder did not preclude fluid aspiration, aspiration biopsy, 
or needle placement for nephrostomy. Changes in the equip- 
ment improved the reliability of the hardware but did not affect 
the visibility of the needle tip so long as the equipment was 
working. For this reason, results of biopsies done with the 
earlier versions of the Biosponder were combined with results 
obtained with the most recent version. 
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Discussion 


Percutaneous aspiration of fluid and aspiration biopsy are 
Safe, fast, and inexpensive means for detecting and charac- 
terizing masses and fluid collections [7]. Visualization of the 
needle tip is reported to be absolutely essential for proper 
placement of the needle, both for safety and for a controlled 
biopsy [4]. Despite the use of ionizing radiation, CT scanning 
is commonly used to guide needle placement because of its 
ability to localize the needle tip precisely. If factors did not 
limit the visibility of the needle tip, sonography would often 
be the technique of choice because of its ability to localize 
the needle tip rapidly in real time. Unfortunately, the difficulty 
in clearly and consistently visualizing the tip of the needle has 
detracted from the use of sonography in many institutions. 

Recent investigations have focused on the problem of 
visualization of the needle tip with real-time sonography [4, 
5, 7]. Limiting factors include not only the physical problems 
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of the propagation of sound waves through air, gas, and bone 
but also improper alignment of the needle relative to the 
ultrasound beam, echogenicity of the organ being sampled, 
and depth of the lesion [7]. Even under optimal conditions, 
what is often visualized is the shaft of the needle and not the 
needle tip. Teflon coating, screw stylets, and scoring of 
the surface are reported to improve reflectivity only minimally 
[7]. All have limited success because of diffraction of the 
ultrasound beam by the heterogeneous tissues present in all 
patients. This diffraction causes degradation of the spatial 
resolution of the ultrasound beam, which prevents good 
visualization of the full length of the shaft of the needle. 
Furthermore, the main problem during any sonographically 
guided procedure is not the detection of the needle shaft but 
rather detection of the tip. This is extremely important, es- 
pecially when the tissue sampled is close to a vessel or the 
lesion in question is relatively small. 





Fig. 2.—Sonograms show that visualization of needle tip diminishes in solid masses of increased echogenicity. 


A, Echogenic hepatic mass (between cursors). 


B, Tip of Turner needle could not be visualized. Arrow within biopsy guide path marks an echogenic focus that was mistaken for needle tip. 


C, Biosponder needle tip (arrow) is clearly visualized. 


Fig. 3.—Sonogram of hepatic mass. Rever- 
beration from end of needle may occur at some 
distance from original interface, preventing pre- 
cise localization of tip of Turner needle. 


Fig. 4.—Use of an in-and-out jiggling motion 
of needle and trapping of air by manipulating 
stylet helped visualize needle shaft but did little 
to allow precise localization of Turner needle tip. 
Sonogram shows several echogenic foci (arrow) 
near end of needie, which were due to 
reverberation. 
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Fig. 5.—Sonograms show how precise localization of needle tip with Biosponder system facilitated biopsy of smaller masses. 


A, 6- to 7-mm hepatic lesion (between cursors). 
B, An echogenic focus (arrow) that may represent tip of Turner needle. 
C, Tip of Biosponder needle (arrow) is clearly visualized. 
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Fig. 6.—Sonogram shows poorly visualized kidney (between solid ar- 
rows) in an obese patient. Biosponder needle (open arrow) is seen as it 
enters renal collecting system. 


In our study, it was never possible to localize the tip of the 
Turner needle with absolute certainty. Visualization of the 
shaft of the needle was limited, diminishing in solid masses 
of increased echogenicity (Fig. 2), diminishing as the depth of 
the mass increased, and diminishing with increasing echogen- 
icity of the surrounding tissues. Adding to the decreased 
effectiveness was reverberation from the end of the needle, 
which caused confusion in determining the exact location of 
the needle tip (Fig. 3). Use of an in-and-out jiggling motion 
and trapping of air by manipulating the stylet, although aiding 
in localization of the needle shaft, often did little to improve 
localization of the needle tip (Fig. 4). 

In contrast, the Biosponder provided precise localization of 
the needle tip at all times. Patients’ body habitus, echogenicity 
of the mass (Fig. 2) or surrounding tissues, and depth and 
size (Fig. 5) of the lesion played no role. Additionally, deflection 


or bending of the needle was immediately detectable. The 
ability to track the needle tip visually at all times made it 
possible to limit the number of passes to two. This, in turn, 
resulted in less discomfort and anxiety for the patient. 

By increasing the precision and ease with which sonograph- 
ically guided interventional procedures are performed, this 
sonographically guided biopsy system has significant impli- 
cations for its use in diagnostic procedures. Perhaps as 
important are the implications for its use in therapeutic pro- 
cedures (Fig. 6). The precision of this system could make 
such therapeutic procedures as sonographically guided abla- 
tion of masses by injection of alcohol or chemotherapeutic 
agents easier and more accurate. 
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Use of Hot-Tip Laser Probes To Recanalize Occluded 
Expandable Metallic Biliary Endoprostheses 


Steven V. Lossef,’ Edward Druy,* Eric Jelinger,’ David Fleischer,? and Klemens H. Barth’ 


Percutaneous insertion of internal biliary stents is an ac- 
cepted treatment for malignant biliary obstruction [1]. Ex- 
pandable metallic endoprostheses were developed to de- 
crease the prevalence of stent occlusion encountered with 
standard plastic 10- to 12-French stents. The Wallstent 
(Schneider, Plymouth, MN) is a woven, expandable device 
with an internal diameter of 10 mm when completely ex- 
panded [2]. The Gianturco-Rosch biliary Z-stent (Cook Co., 
Bloomington, IN) is a self-expanding device available in di- 
ameters of 8-12 mm. Surprisingly, despite their large lumen, 
occlusion by sludge and/or invading tumor occurs in 22-26% 
of inserted Wallstent endoprostheses (Mueller et al. and Gor- 
don et al., presented at the annual meeting of the Radiological 
Society of America, November 1990) and in 10-21% of 
Gianturco-Rosch Z-stents [3, 4]. Once inserted, expandable 
metallic endoprostheses become embedded in the wall of the 
bile duct and cannot be removed. Therefore, means to clear 
occluded metallic endoprostheses are necessary. 

We report the use of the thermal effects of a hot-tip laser 
probe for successful recanalization of occluded metallic en- 
doprostheses. The laser was successfully used in one patient 
with a Wallstent endoprosthesis that had been partially 
blocked by benign fibroproliferative tissue and in two patients 
in whom ingrowth of tumor occluded Gianturco-Résch biliary 
stents. 
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Subjects and Methods 


Two patients with cholangiocarcinoma and one with pancreatic 
carcinoma had delayed obstruction of previously inserted metallic 
endoprostheses. 

The first patient, an 82-year-old man with cholangiocarcinoma of 
the common bile duct, underwent percutaneous insertion of a 
Wallstent endoprosthesis [2]. A percutaneous access catheter was 
maintained because he had had previous episodes of rapid occlusion 
of plastic stents. Progressive narrowing of the lumen of the Wallstent 
was noted on catheter cholangiograms, and by 8 weeks after inser- 
tion of the endoprosthesis, endoluminal narrowing limited flow (Fig. 
1A). In an attempt to reopen the stent, a guidewire and angioplasty 
balloon were inserted, but balloon inflation failed to improve the 
luminal caliber. A small grasping forceps (Cook Co.) was then inserted 
through a sheath, and several small fragments of tissue were re- 
moved. Histopathologic examination showed benign fibrous granu- 
lation and epithelial tissue. A 2.5-mm hot-tip argon laser probe 
(Trimedyne, Santa Ana, CA) was inserted over a preshaped guidewire 
and positioned within the metallic stent (Fig. 1B). It was heated at 14 
W and was slowly advanced and withdrawn within the stent. The 
preshaped guidewire was used to deflect the hot tip along the medial 
and lateral walls of the endoprosthesis. 

The second patient was a 63-year-old man with obstruction at the 
level of the confluence of the right and left hepatic ducts due to 
cholangiocarcinoma. External drainage via a left ductal approach 
decompressed both right and left lobes of the liver. Five months later, 
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complete obstruction developed at the origin of the right hepatic duct, 
and a 10-mm Gianturco-Rösch metallic biliary stent was placed at 
the junction of the common and right hepatic ducts. Ten months later 
he had cholangitis, and CT showed dilatation of isolated right hepatic 
ducts. Percutaneous decompression of the obstructed right hepatic 
duct was performed. A guidewire was passed through the obstruction 
over which a 3-mm hot-tip laser probe was passed. The tip was 
heated with a neodymium:yttrium-aluminum-garnet (Nd:YAG) laser 
(Trimedyne) at 12 W and was swept within the obstructed segment 
of the metallic stent. 

The third patient was an 85-year-old man with carcinoma of the 
pancreas who underwent percutaneous tandem insertion of three 10- 
mm-diameter Gianturco-Rösch stents for palliation of pruritus due to 
distal obstruction of the common bile duct. The patient was asymp- 
tomatic for 4 months, after which cholangitis developed. Percuta- 
neous cholangiography showed obstruction of the internal stents 
(Fig. 2A). External biliary drainage was performed until the cholangitis 
resolved, at which time laser recanalization of the obstructed stents 
was performed with a 3-mm hot-tip probe energized by a 12-W 
Nd:YAG laser (Fig. 2B). 





Fig. 2.—A, Cholangiogram of 85-year-old man, 4 months after tandem 
insertion of three 10-mm-diameter Gianturco-Rosch Z-stents in common 
bile duct. Tumor ingrowth has obstructed stents. 

B, Cholangiogram after laser probe recanalization shows restored lumen 
of Gianturco-Rosch Z-stents. 
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Fig. 1.—A, Cholangiogram of 82- 
year-old man, 2 months after insertion 
of a Wallstent endoprosthesis for chol- 
angiocarcinoma of common bile duct. 
Biopsy-proved benign fibroproliferative 
tissue severely narrows stent lumen. 

B, Cholangiogram shows _ hot-tip 
laser probe (solid arrow) being used to 
recanalize Wallstent endoprosthesis. A 
preshaped, angled guidewire (arrow- 
head) is used to deflect probe along 
medial stent wall. (Open arrow indi- 
cates safety wire.) 

C, Cholangiogram after laser reca- 
nalization shows lumen of Wallstent re- 
stored to 8 mm. 


Results 


In all three patients, the laser probe effectively recanalized 
the obstructed metallic endoprostheses. 

The first patient was asymptomatic for 4 months, but then 
had cholangitis. A cholangiogram showed recurrent stenosis 
of the stent. Biopsy was repeated and showed benign prolif- 
erative tissue. Laser recanalization was repeated, with res- 
toration of patency for 4 months. 

The second patient had further growth of tumor along the 
course of the right hepatic duct, and the patient died of liver 
failure 18 months after initial presentation. 

In the third patient, several passes of the probe resulted in 
a patent channel adequate for passage of an internal-external 
biliary drainage catheter, which provided adequate biliary 
drainage. 


Discussion 


Despite their large lumen, metallic endoprostheses are not 
immune to occlusion by tissue ingrowth. Unlike plastic stents, 
occluded metallic endoprostheses cannot be extracted, and 
an effective method for recanalization is necessary. 

In one patient, attempts at mechanically clearing the stent 
of benign fibroproliferative tissue by using an angioplasty 
balloon and grasping forceps were unsuccessful. Although 
small fragments of tissue were removed by using the forceps, 
Clearing of the entire surface area would have been too 
tedious; the same may be true for an atherectomy device. 
Insertion of a second metallic endoprosthesis within the partly 
occluded stent was not seriously considered because of 
concern of further luminal encroachment by nesting of multiple 
stents. 

The laser-heated olive-tipped cap of the probe was effective 
in rapidly clearing the obstructed Wallstent and Gianturco- 
Rosch endoprostheses. The metallic cap absorbs the laser 
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energy transmitted through the fiber and converts it to heat. 
Photopyrolysis and photovaporolysis are the probable mech- 
anisms of thermal ablation of occlusive material. A smooth 
surface is obtained by sweeping the heated tip in a constant 
motion while laser energy is being applied. Both the argon 
and the Nd:YAG sources provided adequate power using 12- 
to 14-W settings, which are similar to those used for vascular 
applications. The braided metal strands of the Wall- 
stent and the Z-struts of the Gianturco-Rosch stents provide 
a mechanical barrier preventing perforation of the bile duct. 
Caution must be taken never to heat the laser probe when 
it is not safely within the wire endoprosthesis. Use of a laser 
probe in nonstented portions of the bile duct has been re- 
ported to produce biliary stenoses and occlusions in dogs [5]. 
Cremer et al. [6] reported endoscopic recanalization of an 
occluded Wallstent endoprosthesis by insertion of a dia- 
thermic-tipped probe that is heated with a direct electric 
current. Although this device is available to endoscopists, it 
is not a common item in an interventional laboratory. 
Nishioka et al. [7] performed an in vitro study in which they 
used a pulsed dye laser with a 0.25-mm fiber to recanalize 
occluded 10-French plastic stents in vitro but did not describe 
any clinical experience or work with metallic endoprostheses. 
Ingrowth of benign fibrous tissue in the first patient re- 
sponded to laser recanalization, but recurred after 4 months 
and required further treatment. Application of laser heat en- 
ergy would not be expected to prevent regrowth of prolifer- 
ative tissue and may need to be repeated periodically. 
Effectiveness of the hot-tip laser was observed in the cases 
of malignant ingrowth also. Eventual regrowth of tumor 
through the relatively widely spaced wire struts of the Gian- 
turco-Rdosch stents can be expected despite effective laser 
recanalization. In fact, insertion of a plastic internal-external 
stent within the recanalized metallic stents was opted for in 
one of our patients to simplify future tube exchanges. 
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If external access has been maintained, percutaneous in- 
sertion of the laser probe through the established tract is 
easily accomplished. When the patient has delayed obstruc- 
tion of a stent after removal of external access tubes, new 
percutaneous access is required. However, it may become 
possible to pass a hot-tip laser probe through an endoscope 
in such patients. 


Conclusions 


As more metallic biliary endoprostheses are used, occlusion 
by benign and malignant processes will be more commonly 
recognized. The irretrievability of these devices makes this a 
serious consideration in those patients with relatively long life 
expectancies. Recanalization with hot-tip lasers can be per- 
formed rapidly and can be repeated to extend the functional 
life of these devices if occlusion occurs. 
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Book Review 





The Best of Medical Humor. A Collection of Articles, Essays, Poetry, and Letters Published in the Medical 
Literature. Compiled and edited by Howard J. Bennett. Philadelphia: Hanley & Belfus, 228 pp., 1991. $25 


The Best of Medical Humor is a collection of academic humor that 
provides a comical look at medicine, focusing on the oddities, ironies, 
imperfections, and human side of our profession. The book contains 
117 individual entries selected from more than 800 articles. Most of 
the material was written by physicians and was previously published 
in the medical literature. The material was selected from 31 journals, 
but most comes from The New England Journal of Medicine, Medical 
Economics, The Journal of the American Medical Association, and 
The British Medical Journal. Most of the material was published in 
the 1970s and 1980s. A few entries are from earlier literature, such 
as a letter by William Olsler published in 1884. The entries are from 
one paragraph to several pages long and are arranged in 13 chapters. 

Each chapter concludes with a list of additional reading. The index 
lists textbooks and journals that may be of further interest to some 
readers and articles that take a serious look at humor in medicine, 
humor and physicians, and humor and health. Jokes and anecdotes 
have been excluded, and with the exception of a few cartoons by 
Gary Larson, the book has no illustrations. 

The book begins with chapters on medical school, internship and 
residency, and medical language. Several chapters concentrate on 
academic medicine, including writing and publishing, academia, and 
research. These include titles such as “The Fine Art of Disappearing 
from Meetings” and “How to Write Nifty Titles for Your Papers.” 
Other chapters include “Surgeons and Other Specialists,” “Mental 
Health Humor,” “Informed Consent and Other Complications of Health 
Care,” “All in a Day's Work,” and “Odds and Ends.” Articles include 
“Abbreviations in the Medical Literature,” “Consultmanship: How to 
Stay One up on Colleagues,” “The Professional Patient,” “What's 
That You Dictated Doctor,” “That's Funny—Something Is Gained in 


the Translation,” “Dial-A-Lawyer,” and “What if the Patient Billed Us.” 
The poetry chapter contains 28 poems, with such titles as “Multiple 
Authorship on the NEJM Cover,” “A Pulmonologist’s Valentine,” 
“Roundsmanship,” and “Number 1 et al.” 

Only a few entries deal with the specialty of radiology, and four 
articles are taken from the American Journal of Roentgenology. These 
include “Single-Blind/Double-Blind Radiographic Analysis: New View- 
ing Techniques,” “X-Ray Gogs: Preliminary Evaluation of a ‘New’ 
Imaging Modality,” and two articles discussing the cost benefits of 
placing more than one patient at a time into the CT scanner. 

Almost everyone enjoys the occasional pun interjected among the 
more serious writings in the medical literature, but clearly most are 
missed by all but the most avid of readers. Bennett has done a great 
job of collecting for us the best of medical humor as it has appeared 
in the pages of medical journals over the past several decades. Most 
of the material is general enough to appeal to almost any physician. 
Some will set the reader into laughter, others will bring only a smile. 
In total, they bring to light the irony and often ridiculous character of 
our profession. Although not all articles will appeal to every physician, 
almost everyone should find the majority of the material entertaining. 

| recommend this book for libraries and for areas where physicians 
are known to gather or wait. As for individual purchase, those with a 
bent toward the lighter side of our profession should find this text a 
worthwhile investment. 


Richard M. Slone 
University of Florida 
Gainesville, FL 32610 
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Memo to Authors 


Preparation of Manuscripts for Radiology Journals: Advice 


to First-Time Authors 


Robert N. Berk' 


The purpose of this paper is to give inexperienced authors 
inside advice that will help them prepare articles for submis- 
sion to a radiology journal, particularly the AJR. Experienced 
authors may also find a useful hint or two. 

| discuss five guiding principles that authors should follow, 
the correct organization of manuscripts, the proper content 
of each section, and how to prepare revisions. 


Guiding Principles 


Whenever you prepare a manuscript for publication, getting 
the mechanics right the first time can improve the chances of 
acceptance and help you avoid writing extensive revisions. 
Certainly you must first have something specific to say— 
something well documented, original, and significant. When 
you are sure that your topic is worth writing about, then follow 
these guiding principles: (1) Determine the specific focus of 
your article. (2) Select the right journal for your article. (3) 
Decide which type of article to write. (4) Follow the guidelines 
for authors published in the selected journal. (5) Revise, 
revise, revise. 


Determine the Focus of Your Article 


The focus of an article is the central issue, the main theme 
or the specific subject of the article. It defines the true scope 
and purpose of the work. Unless you identify that focus, you 
cannot have a clear understanding of what is relevant and 
what is irrelevant to include in your paper, and you cannot 
determine the type of article that should be written. 


Take the time to sit down alone or with co-authors and 
identify a focus that accurately describes the purpose of the 
work you plan to write about and clearly explains the scope 
of the information you intend to provide. To define the focus, 
ask yourself such questions as What is the exact intention of 
my study? What question have | answered, or what dilemma 
have | resolved? and What is my specific message to readers? 

The central issue should be obvious and consistent in the 
title, abstract, and introduction. As you write and revise the 
entire manuscript, avoid tangential discussions that stray from 
the focus. For example, if the paper is about the value of MR 
imaging in the diagnosis of pituitary tumors, do not devote 
many pages to pituitary tumors per se (e.g., pathology, clinical 
findings, prognosis). If the paper is about the sonographic 
findings in cancer of the prostate, a lengthy discussion of the 
relative merits of sonography and CT in the diagnosis of this 
tumor is not appropriate. Stick to the point so that your 
message is not garbled and the manuscript is not long, 
bloated, and flabby. Insist that the manuscript be terse, trim, 
and lean. If you try to cover too much, the paper's punch will 
be lost. Reviewers and editors may reject the manuscript 
because they have failed to grasp the importance of the 
central point. Even if the paper does get published, readers 
will retain little after reading it, if they read it at all. 

Stanley Siegelman, editor of Radiology, aptly considers 
manuscripts to be like a pane of glass through which readers 
see a message [1]. Authors should decide precisely what 
they want readers to see, and then make sure the manuscript 
is sparkling clean, not opaque with verbal fog that hides its 
true thrust. 
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Select the Right Journal for Your Article 


You may think that everything you write is worthy of 
publication in a renowned general medical journal like The 
New England Journal of Medicine, but such hubris is foolish. 
As a radiologist, your new information is likely to be important 
only to other radiologists or to those interested enough to 
read radiology journals. Save yourself time and avoid disap- 
pointment by selecting the appropriate journal at the begin- 
ning of the process. Even though the total number of medical 
journals is large, the number of journals for which your article 
is appropriate is much smaller. 

Most authors consider sending their manuscripts to general 
radiology journals first. Many decide on the basis of the 
journal's circulation rate, the quality of the illustrations in the 
journal, or the journal’s reputation for making editorial deci- 
sions expeditiously and publishing articles promptly (e.g., it is 
an exceptional journal that requires less than 1 month for the 
editorial decision or publishes articles less than 6 months from 
the time of submission). If the focus of the paper is of more 
restricted interest, the subspecialty radiology journals are 
probably more appropriate. Analyze the types and quality of 
articles that appear in each journal, and judge your topic and 
findings accordingly. Remember, the more often your paper 
gets rejected because it is inappropriate for a journal, the 
longer it will take before it appears in print. 

It is well Known that it is unethical to submit a manuscript 
to more than one journal at a time [2-4]. When authors ignore 
this principle and submit a paper to more than one journal 
simultaneously, they do so in an attempt to speed up the 
publication process. However, this is not an acceptable prac- 
tice, and editors of medical journals [4] resent such multiple 
submissions. After all, what will you do if two journals accept 
your article? You know that neither journal will agree to dual 
publication, so you will have to explain to one of the journals 
that you have wasted the time of its editors and reviewers 
because you have decided to publish it in the more prestigious 
journal. Send a manuscript to two journals simultaneously 
once, and you are certain to get a stinging rebuke from the 
editor. Do it twice, and your future writing career will be in 
jeopardy, at least as far as that journal is concerned. 


Decide Which Type of Article to Write 


Once you have decided on which journal you will submit 
your article to, look at some recent issues of that journal to 
see what types of articles it contains and to determine the 
best category for your planned article. For example, the types 
of articles published in the AJA include original scientific 
research (major articles), pictorial essays, case reports, tech- 
nical notes, perspectives, and reviews. Each serves a different 
purpose, and each is crafted differently, as described in the 
AJR “Guidelines for Authors,” which is published near the 
front of every issue of the Journal. Trying to combine two of 
these types will surely blur the purpose and the main points 
of your article. The manuscript will be bloated and obfusca- 
tory; the chances of acceptance will be poor, and if the article 
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is accepted, the editor will insist on time-consuming major 
revisions. 

So, before you begin writing, be sure to look at recent 
issues of the appropriate journal and determine which type of 
article best suits your data and your purpose. For general 
information about types of articles, consult books about med- 
ical writing [2, 3, 5-8]. 


Follow the Guidelines for Authors in the Selected Journal 


After you have decided where you will submit the article, 
find and follow that journal's guidelines exactly for the specific 
type of article that you are writing. Do not bend the rules, and 
do not expect the editor to make exceptions for your article. 
It is easy to fall into the trap of thinking that your work is so 
outstanding it justifies a manuscript that is longer and has 
more illustrations than the guidelines allow. At the revision 
stage, you can be sure that you will be required to correct 
any deviations from the guidelines. At that point, the editor 
will offer advice and the editorial staff will instruct and assist 
you: They will ask you to revise the manuscript by following 
the published guidelines, and they will gladly answer any 
questions that you have, but they will not do your work for 
you. So save yourself time and trouble, and follow the jour- 
nal’s guidelines when you originally prepare the manuscript. 
An author's checklist is included in the AJR’s guidelines to 
help authors be certain they have followed the guidelines 
faithfully. The AJR has published previously a detailed expla- 
nation and description of our own guidelines for authors [9]. 
If a journal does not provide guidelines, either call that jour- 
nal’s editorial office or refer to the more general guidelines 
published in such books as Medical Style & Format [5]. 

Some of the requests in the guidelines may seem like trivial 
issues compared with the importance of your message. How- 
ever, remember that each request has a reason [9]; therefore, 
the degree to which your manuscript conforms to the guide- 
lines can determine whether your paper is accepted or how 
many revisions you must make before it is accepted (and how 
much time, therefore, occurs between the writing and the 
publication of your paper). Your manuscript should be as 
good as you can make it at first submission—not only com- 
posed of important information but also written in polished 
English, typed impeccably, checked for grammatical, spelling, 
and typographic errors, organized thoughtfully, and con- 
structed according to the published guidelines. Poorly pre- 
pared manuscripts are characterized by garbled prose, a 
wandering diffuse focus, and incorrect organization. The text 
is longer than allowed for the type of article involved, and 
there are too many illustrations. The manuscript is single- 
Spaced, the reference and figure citations are incorrect, and 
other avoidable errors are present. Submitting a shoddy 
manuscript is equivalent to going to an interview for a presti- 
gious job in scruffy blue jeans and a soiled sweatshirt. Usually, 
neither is productive. 

Editors and reviewers cannot help but be influenced by the 
appearance and grammatical correctness of the manuscript 
and the clarity of the writing, as well as by scientific content. 
They may conclude that the quality of the research is deficient 
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if your manuscript itself is poorly crafted. Make sure that your 
secretary knows that neatness counts in this endeavor, and 
if your own command of correct English usage is wobbly, hire 
a copy editor to check your manuscript before it is submitted. 
So far, computerized grammar-checking programs have not 
been especially useful for medical writing [10], although the 
spell-check feature of word processors is certainly valuable. 
Extra time is well spent at this stage to save much more time 
and trouble later. 

The quality of the submitted manuscript directly affects the 
quality of the published article. A manuscript can be compared 
to a piece of lumber. The rougher the wood is to start with, 
the more likely it is to have splinters after it is sanded in the 
routine fashion. A manuscript editor who must battle with a 
shabby paper is less likely to have the time or motivation to 
polish it enough to enable the message to come through 
clearly [11]. More important, a manuscript editor distracted 
by the need to struggle through typographic and citation 
errors may miss important inconsistencies in the data, with 
the result that the published article contains mistakes that are 
embarrassing for both you and the journal. 


Revise, Revise, Revise 


The secret to success in any kind of writing is revision. One 
particularly helpful booklet [7] suggests that all authors must 
accept the inevitability of the need for revision: Never expect 
to compose a “first-draft masterpiece”; indeed, asking your- 
self to create a ready-to-publish paper in one sitting is tanta- 
mount to inviting writer's block (no one can work under that 
kind of pressure). 

To make your own revision process less painful, use a 
word processor: Like a sculptor chiseling marble, enter the 
first draft knowing that you plan to manipulate the text later. 
Then after some time away from the project, rework the 
article again and again to eliminate errors, improve clarity, 
and sharpen the focus. The remark “I am sorry this letter is 
so long, but | didn’t have time to write a shorter one” is 
attributed to Abraham Lincoln. You must take the time to 
write a shorter manuscript. If possible, have someone else 
read your article before you submit it. They may find errors 
that you have overlooked simply because you have read it so 
many times. Huth’s book on writing medical papers [2] has 
an excellent chapter on the revision process. 


Organization of the Paper 


Check recent issues of the selected journal to guide your 
organization, and strive to make the sections of your paper 
logical, orderly, complete, and parallel. Selecting headings 
and subheadings often clarifies the proper direction of the 
article—such divisions can be drafting outlines first. Huth [2] 
describes the use of formal or informal outlines to organize 
your thoughts at the beginning of the writing process. Proper 
organization helps guarantee that your message is delivered 
as Clearly and succinctly as possible. In his now classic book, 
Day [3] emphasizes the importance of this aspect of the 


PREPARING ARTICLES FOR RADIOLOGY JOURNALS 205 


medical paper, “Without equivocation, | say that a scientific 
paper is primarily an exercise in organization’. 

On the other hand, the great importance of good organi- 
zation does not mean that you must force yourself to write in 
the same order as the paper's final presentation. Indeed, Iles 
[7] suggests that the following is the easiest order in which 
to write a research paper: materials and methods (“the ideal 
place to start because that is what you know best’), results, 
discussion, conclusions, introduction (how can you introduce 
an article properly before you know it well?), abstract (“you 
[now] know what you are trying to boil down), title (“ideally a 
shortened abstract”), and authors (“you know [by] then who 
has made contributions”). The miracle of word processing 
allows you to write these sections in whichever order you 
choose and then electronically cut and paste to place them in 
proper sequence for submission to a journal: title, authors, 
abstract, introduction, methods, results, discussion, refer- 
ences, tables, and figure legends and figures. 


Title 


The title should be a concise statement of the exact focus 
of the paper. Leave no room for misunderstanding. The title 
is often the only information available to readers searching 
for information in indexes and tables of contents; it should be 
straightforward and complete. For example, if the paper is 
about MR imaging of cerebellar abscesses, a two-word title 
like “Cerebellar Abscesses’” is not sufficient. If the focus is a 
comparison of sonography and CT in the detection of liver 
metastases, titles such as “Detection of Liver Metastases” or 
“Sonographic Findings of Liver Metastases” would mislead 
readers, but “Sonography vs CT in the Detection of Liver 
Masses” states the specific content of the article effectively, 
briefly, and clearly. 


Authors 


| have detailed before in the AJR the problems of multiple 
author listings that mislead readers [12]. Here | repeat only 
that in an authentic list of authors every person listed is 
someone who has made a substantive intellectual contribution 
to the article and takes full responsibility for its contents. 
Those who made less significant contributions may be in- 
cluded by adding their names to the Acknowledgment section. 


Abstract 


An abstract typically is about 200 words long (approxi- 
mately one double-spaced manuscript page) and is very im- 
portant because it is reprinted in abstract indexes and is 
therefore seen by more readers than any other section of 
your paper—it is probably the only section of your article that 
some busy readers look at. Therefore, this small section must 
be able to stand on its own, represent the paper accurately, 
and clearly make the points you want to emphasize. 

The first sentence of the abstract should be a succinct, 
accurate, and clear statement of the specific focus of the 
paper; this sentence should explain the problem or dilemma 
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studied and its importance. The sentences that follow should 
briefly and carefully describe the research covered (in the 
following order): patients and methods (selection of patients, 
study technique, gold standard), results (the most important 
data obtained and significant differences found), and conclu- 
sion. (In the AJA, the abstract is all one paragraph, except for 
the conclusion, which provides the take-home message and 
answers the readers’ inevitable question, “So what?”) 


Introduction 


The introduction should lead the reader into your paper, 
creating a good first impression and stimulating the reader's 
interest. As Huth [2] says, the introduction may “immediately 
influence how the paper is sized up.” Despite this important 
function, the introduction needs to be short—less than one 
double-spaced manuscript page. You should not go into great 
detail here, but you must state the research problem studied 
and its significance. Get to the point directly, and save the 
more elaborate explanations and comparisons for the Discus- 
sion section. 


Subjects (or Materials) and Methods 


This section should include descriptions of the following 
items: research plan, materials or subjects, and methods 
used. Explain in detail how diagnoses were confirmed (i.e., 
what the gold standard was), how bias was avoided in selec- 
tion of patients or records, and how objectivity in collecting 
and analyzing data was maintained. The statistical methods 
used should be mentioned also; either describe the particulars 
of these methods or cite references in which the readers can 
find detailed explanations. 


Results 


Present the results in a clear, logical sequence that parallels 
the organization of the Methods section. For example, if you 
have subheadings in Subjects and Methods such as “Control 
Group” and “Experimental Group,” similar subheadings 
should appear in the Results section along with the data that 
apply to each group. If you use tables, do not duplicate 
tabular data in the text, but do describe important trends and 
their implications in the text. 

Always mention whether any differences between groups 
are Statistically significant, and indicate which statistical tests 
were used. Specific p, k, or r values are necessary to give 
meaning to the findings. 

As you write and revise the Results section, remember to 
exclude data that describe patients and methods (these be- 
long in the Methods section). Also, exclude any information 
that has no value or relevance; do not include information just 
because it is available. Your readers are too busy to sift 
through irrelevant data to ferret out the interesting and perti- 
nent parts; as an author, you should do the sifting and then 
take out any data that are not essential to the focus of the 
article. 
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Discussion 


Considering both the purpose and outcome of the study, 
you need to describe in the Discussion the limitations of the 
following elements: the research plan, the selection of mate- 
rials or subjects, and the methods. Because you write here 
about the importance of the results and how they compare 
with those of previous investigations, this section should 
contain the bulk of the reference citations. Offer possible 
explanations for any differences between your results and 
those of other similar studies. Do not wander from the focus 
of the paper as it is defined in the title, and do not overrate 
the significance of your results. The length of the discussion 
should be in proportion to the amount, importance, and 
originality of the results; rarely should it be longer than four 
double-spaced manuscript pages. 


References 


The interested reader wants to know about the most 
relevant and the most recent articles on your topic. A long list 
of irrelevant or outdated references impresses no one and 
may be taken as a sign that you lack effective literature- 
search skills. Therefore, limit your list to the minimum number 
of articles necessary to provide readers with the information 
they need to put your article in the proper perspective, and 
eliminate articles that are not relevant to the focus of your 
paper. 

Although editors of medical journals have attempted for 
years to standardize the punctuation and format of reference 
lists, most journals have retained some idiosyncracies in their 
format. Follow the published guidelines for the number of 
references and their style. Be sure they are typed double- 
spaced, and check for typographic errors and for errors in 
text citation (i.e., make sure the numbers in the text corre- 
spond to the appropriate entry in the reference list). 

For the sake of your readers who may need to consult 
these sources, make certain that the bibliographic data are 
correct and complete. Remember how frustrated you have 
felt if you have ever tried to find a reference that is not cited 
correctly in a published paper. If any of your reference entries 
contain incorrect information (e.g., wrong volume number, 
year, page numbers, author name, or journal name), you are 
betraying your readers’ trust and may cause other research- 
ers to waste time or effort to figure out how to find the 
reference. Always check your references against the original 
source rather than against another reference list. Authors. 
not editors, are responsible for the accuracy of the reference 
list. 

Be extraordinarily diligent about referencing any facts or 
data taken from another’s work. Plagiarism, whether con- 
scious or subconscious, has no place in the medical literature 
[13]. Always consider how you would want your published 
materials to be used, and treat the work of other authors with 
equal respect. For your own protection, you should be familiar 
enough with copyright law that you can avoid legal problems 
of copyright infringement. 
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Tables 


Most radiology articles warrant few, if any, tables because 
the data are contained in the images. If you must include 
tables, try to make them as simple as possible. Journal editors 
may simply refuse to publish long, complicated tables. Such 
tables take up too much space and are expensive to produce; 
moreover, readers of radiology journals rarely need or want 
such copious details. Never use tables to present irrelevant 
or unimportant data, and do not repeat in a table information 
that has already been presented in the text. 


Figures and Legends 


The number of illustrations needed for your article depends 
on the focus of the article. Include only those figures that are 
necessary to illustrate the central message, and do not submit 
more figures than the guidelines indicate for the specific type 
of article. The glossy prints or photostats (line drawings) must 
be free from scratches, fingerprints, and dirt. Also, the con- 
trast must be sufficient for good reproduction in print. You 
should know that the printing process by its nature increases 
darkness, so dark figures will appear even darker when they 
are printed in the journal. Submission of poor illustrations is 
an invitation for a rejection. 

Legends should begin with a brief statement of the content 
of the figure and data on the patient, if appropriate: “24-year- 
old woman with hemangioma. CT scan shows ....” Write 
legends so that readers with little knowledge of the subject 
can understand them (e.g., do not include any peculiar acro- 
nyms, and use arrows). Keep the legends brief, and avoid 
repeating anything already said in the text. 

If you use different degrees of magnification, you may 
mislead the reader. Have your illustrations reproduced so that 
the area of interest on each print is comparable in magnifica- 
tion to that same area on other prints. Also, compared struc- 
tures (€.g., Same bone or catheter) should be at the same 
eye level on figures that will appear side-by-side. 

Medical journals rarely print figures in color because of the 
extraordinary expense. Submit color figures only when color 
is essential to make the point of the illustration. Be aware 
that you may have to share the cost of printing color figures. 


Copyright, Permissions, and Other Guarantees 


Before an article is submitted to a journal, every author 
must sign a copyright release form. By signing such a form, 
each author not only transfers copyright to the journal but 
also assumes full responsibility for the content of the paper. 
Read the copyright statement for each journal carefully before 
signing. If you cannot sign the statement honestly, reconsider 
whether you really wish your name to be included on the list 
of authors when the paper is submitted. 

Also send to the editorial office the original, signed letters 
of permission from publishers and authors of papers or books 
from which figures, tables, or lengthy quotes are taken. Such 
permission letters must be received by the journal's editorial 
office before your paper can be scheduled for publication. If 
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you cannot obtain permission to use the material, you must 
remove the borrowed material from your article and change 
the other text, figure numbers, or table numbers accordingly. 
Also needed are signed consent forms from patients who are 
recognizable in any figures. The absence of any needed 
copyright or permission paperwork may cause delay or even 
cancellation of planned publication, or it may necessitate 
changes that weaken the central point of your paper. 

Authors are obligated to inform the editor if they have any 
proprietary or commercial interest or conflict of interest in the 
subject of their article. They must certify that they each made 
substantive and specific intellectual contributions to the work. 
Finally, authors must guarantee that none of the material in 
the manuscript has been published previously or is currently 
under consideration for publication elsewhere. A form for 
these purposes, printed in the AJA’s guidelines to authors, 
must be signed and forwarded to the editorial office before 
the manuscript can be published. 


Responding to Editors’ and Reviewers’ Comments 


The great majority of papers go through at least one 
revision cycle after being accepted for publication. The only 
way that you can keep an article free from change and 
criticism is to lock it in a drawer and never submit it for 
publication anywhere! 

Accept editors’ and reviewers’ criticisms as collegial advice, 
designed to help you increase the quality of your article. Their 
remarks are not meant to vindictively criticize your efforts but 
rather to help you publish the best article possible. Even if 
the reviewers have misunderstood a portion of the text, try 
not to take offense; instead, reconsider your wording. After 
all, if these expert reviewers misunderstood your meaning, 
the journal's readers are likely to do so also. Rewrite the text 
as needed to improve clarity. When you think that the review- 
ers are mistaken, change the text to defend and strengthen 
your point of view; by doing this, you will also be answering 
questions that may come into the minds of others as they 
read the published article. 

To facilitate review of your revision, number the reviewers’ 
comments and respond to each one in the text and in a cover 
letter to the editor. Be thorough and thoughtful—it will make 
the paper better and may save you from having to write a 
second revision. When you consider how many readers will 
see your article (25,000 in the case of the AJR) and that it will 
become a permanent record of your work, you will realize 
that no effort should be spared to polish it as much as 
possible. 

When you submit a paper to the AJA and receive a request 
for revision, you must complete two major tasks before 
returning the revised paper to the editorial office: (1) address 
the reviewers’ and editor's comments and (2) incorporate the 
manuscript editor’s changes into the retyped text. We have 
discussed the first task already. In regard to the second, you 
should know that a manuscript editor will have taken the time 
and effort to look at your paper and to judge whether the 
guidelines were followed, to question any obvious inconsist- 
encies in data or ambiguities in language, and to make 
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changes in wording and format that conform with AJR’s style. 
These comments are also given in the spirit of publishing a 
high-quality article, and making these changes yourself will 
help ensure a better publication. 

If your paper has been rejected, before you send it to 
another journal, revise the paper according to the editors’ and 
reviewers’ comments sent to you by the editor. It is the 
epitome of arrogance and an enormous waste of time, effort, 
and money to ignore their criticisms. Besides, it is inviting a 
second rejection. 


After Acceptance 


After your paper is accepted for publication, you will still be 
asked to check the typeset article before it is printed. The 
final steps in the publishing process (e.g., editing, typesetting, 
proofing) were explained in a previous AJR article [14]. If you 
are interested in a more general look at journal publishing, 
Morgan's book [9] will help you understand the inner workings 
characteristic of editorial offices of medical journals. 

In the meantime, remember that the people who work at 
the editorial office work for you, the author, as well as for the 
journal itself. We are here to help you throughout the process, 
beginning with the decision about whether ours is the right 
journal for your article and ending with any questions you 
may have about your accepted manuscript as it goes through 
the publication process. 
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Controlled Circulation Journals 


Even a superficial reading of Rennie and Bero’s article [1] on 
“throwaway” journals shows that they fail to understand the purpose 
of these journals. The argument that these publications are not 
“legitimate” is badly flawed. 

| am the editor of American Family Physician, one of the journals 
selected for Rennie and Bero's study. | have previously written about 
the issue of controlled circulation journals as part of a pro/con debate 
with Rennie and Bero that appeared in CBE Views [2], a society 
publication of the Council of Biology Editors. Some of my comments 
are based on that presentation. 

Rennie and Bero fail to recognize the legitimacy of any medical 
journal that does not primarily publish original research articles. In 
doing so, they also fail to understand the important role that review- 
article journals play in meeting the continuing medical education 
needs of most practicing physicians. 

Rennie and Bero’s analysis of legitimate vs throwaway journals is 
flawed because they are comparing apples with oranges. They claim 
that because these journals are not generally cited by anyone writing 
scientific articles, the journals are unimportant. Numerous readers’ 
surveys, done by independent marketing firms, consistently show 
that this assertion is incorrect. 

Recently, Haynes [3], an expert in health information research, has 
lamented the poor job original-research journals have done in com- 
municating important scientific advances to practicing physicians. 
Journals like mine exist for the chief purpose of telling practicing 
physicians what is new and important, of distilling information from 
many sources and bringing it together in usable form. Rennie and 
Bero [1] assert that “continuing medical education [is] too hard to be 
left to the choice of those who need it.” This sort of elitism insults 
the intelligence of physicians, who | believe are quite capable of 
making choices about their educational needs. 

Relman, editor of The New England Journal of Medicine, has 
recently written about his journal’s responsiveness to readers’ needs 
[4]: “Readers tell us they would like more emphasis on review articles, 
and we intend to respond by publishing more of this genre and 
making them shorter and more clinically relevant.” It appears that 
Relman is not afraid to let readers have a say in what they read. 

Finally, Rennie and Bero, [1] claim that “[these journals] are driven 

. entirely by commercial pressures” (i.e., advertising revenues). 
This is preposterous. Although most journals stay in business only if 
they make a profit, my experience is that research-based and clinical- 
review journals both live by loftier goals. The chief goal of American 
Family Physician, for example, is “to publish high-quality, peer-re- 
viewed, clinical review articles relevant to family physicians, thereby 
enhancing their ability to care for patients” [5]. 
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It is time to get down from the ivory towers of academia and 
acknowledge the different needs practicing physicians have for 
biomedical information, and the ways in which this information is 
presented. Fortunately, the success of a journal like American Family 
Physician lies in the hands of its more than 150,000 faithful readers, 
and not those of Rennie and Bero. 

Jay Siwek 
Georgetown University School of Medicine 
Washington, DC 20007 
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Reply 


Once again, Dr. Siwek chooses to misinterpret our article [1] and 
a previous response we made to him [2], possibly because his reading 
of both was somewhat “superficial.” Siwek’s tactic [3, 4] is to 
denigrate our article despite, or more likely because of, the fact that 
it contained actual data. Before someone makes the sort of assertions 
that Siwek does, it is useful to go out and take the trouble to get 
facts. Dr. Siwek expects us to accept his assertions, including the 
remarkable ones that readers’ surveys have been “numerous” and 
done by marketing firms that are “independent,” in the complete 
absence of supporting data. How many is numerous? Who hired 
them? How independent are these marketing firms? Inasmuch as 
these firms must earn money, it is fair to ask: Were they hired by the 
throwaways or by the people who advertise in the throwaways? By 
turning to marketing firms for support, Siwek makes our point for us 
nicely. 

Of course, our skepticism may be because we are irretrievably 
stuck way up in Siwek’s famous “ivory towers of academia.” Still, it 
is nice to have been put up there—not because we are out of touch 
with reality, but simply because we are so realistically down-to-earth. 
If we climb down, we will, Siwek implies, lose all our critical faculties 
and actually think all that throwaway rubbish worth something. Well, 
we think that collecting data is a hard-nosed, realistic exercise, and 
just the sort of thing those quaint academics do. Of course, we do 
not accept Siwek’s characterization, and because our experience is 
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that physicians outside academia are at least as hard-headed as 
those within, just who does Siwek think he is kidding? If the doctor- 
recipients have to make an effort not to get a throwaway, and these 
journals are paid for entirely by advertising, how can Siwek measure, 
let alone vouch for, the journals’ success? 

We think that unless readers take the trouble to teach themselves 
to read critically the research literature on which their specialty is 
based (a strong contention of the MacMaster group of which Haynes 
is a member), they are at the mercy of the third-rate “reviews” and 
digests that make up the contents of throwaways. We also think that 
the ability to handle the primary literature empowers the physician. 

As Siwek knows, one of us was responsible for recruiting and 
editing scores of scholarly and highly successful “Medical Progress” 
reviews when at the New England Journal of Medicine. Such reviews 
are, unlike the reviews in throwaways, heavily cited. As we have 
already written, it is smart to give reviews of this quality renewed 
emphasis, but we also note that Relman did not announce that the 
New England Journal of Medicine would publish a preponderance of, 
let alone nothing but, reviews. And Siwek confuses the issue and 
misleads the reader by labeling throwaways “review-article journals” 
while accusing us of failing to recognize the legitimacy of any medical 
journal that does not publish original research articles. Quite a few 
excellent review-article journals we might have discussed are utterly 
different from the throwaways we so carefully characterize in our 
paper [1]. We wrote: “A good review article is a valuable resource 
for students, researchers, and practitioners needing an update in a 
particular field.” We were distressed that so few of the reviews we 
read in the throwaways were good—and we define what we mean 
by a good review in our paper. 

Siwek says that for us to claim the throwaways that we studied 
are driven solely by commercial pressures is “preposterous.” We 
quote from a previous response to him [2]: 


Why do these journals exist? We strongly urge readers to 
get hold of a few copies of each of the throwaways we cited 
(and we made an exception of Dr. Siwek’s own) and work 
out for themselves whether it is more likely that these free- 
subscription journals were founded because of an over- 
powering need on the part of physicians to inform and be 
informed, or whether the initial impetus as well as the 
continuing support came entirely from an advertising indus- 
try eager to find hoardings for their ads. We also ask them 
to decide for themselves whether the academics (up in those 
ivory towers again, Dr. Siwek) on the editorial boards and 
author list have not allowed themselves to be suborned. 
Dr. Siwek, it is precisely because the fate of such journals 
does not lie in the hands of their readers but of the advertis- 
ers who pay every cent of their costs that we believe they 
should be allowed to wither and die. We are amazed that 
Dr. Siwek should be so ready to defend the low company 
his journal Keeps, and so resistant to the idea that his own 
journal, and the Academy of Family Practice, publish the 
results of research. 
Drummond Rennie 
Lisa Bero 
Institute for Health Policy Studies 
University of California, San Francisco 
San Francisco, CA 94109 
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Lung Cancer in a Drug Addict Seropositive for 
Human Immunodeficiency Virus 


A 37-year-old IV drug addict, who had been shown to be seropos- 
itive for human immunodeficiency virus (HIV) 2 years earlier, com- 
plained of shortness of breath, nonproductive cough, and left-sided 
chest pain. Three months earlier, he had had Pneumocystis carinii 
pneumonia, which had been treated with IV pentamidine. He did not 
use tobacco, and he had not been exposed to asbestos. On physical 
examination, he had a body temperature of 103°F (39°C), oral thrush, 
and dullness with decreased breath sounds on the left hemithorax. 
Chest radiographs showed opacification of the left hemithorax with 
a large bulla at the apex and a shift of the mediastinum to the right. 
CT scans showed massive left-sided pleural effusion and displace- 
ment of the mediastinum. Thoracentesis yielded bloody pleural fluid; 
gram stain and culture of the fluid were negative for acid-fast orga- 
nisms, and none were detected on the cytologic examination. Pleural 
biopsy revealed poorly differentiated epidermoid cancer of the lung 
with metastatic disease to the pleura. 

Epidermoid carcinoma, unlike lymphoma and Kaposi sarcoma, is 
not one of the typical cancers seen in patients with AIDS. Sporadic 
reports of lung carcinoma occurring in HIV-infected patients have 
been published. Monfardini et al. [1] reported eight cases of lung 
carcinoma; six of the patients were IV drug addicts. Of the cell types 
observed, four were adenocarcinomas, two were small-cell carcino- 
mas, one was an epidermoid, and one was a mesothelioma. Braun 
et al. [2] reported six cases; four of the patients were IV drug addicts. 
The various histologic types seen were four adenocarcinomas, one 
small-cell carcinoma, and one squamous cell carcinoma. In both 
studies, the patients were less than 40 years old. Our patient provides 
further evidence that lung carcinoma should be considered as a 
possible cause of lung disease in HIV-infected patients. We think that 
the presence of an apical bulla was coincidental and unrelated to the 
lung cancer. 

Kaveh Bagheri 

Rebecca K. Connell 
Benjamin H. Safirstein 

St. Michael's Medical Center 
Newark, NJ 07102 
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Endobronchial Lipoma Associated with 
Lipomatosis 


Endobronchial lipoma is a rare, benign neoplasm that usually 
obstructs the major bronchus and causes irreversible pulmonary 
damage [1]. It may be misdiagnosed Clinically as a bronchial adenoma 
or a malignant lesion. The diagnosis has rarely been made preoper- 
atively since the first report in 1983 [2]. We present a case of 
lipomatosis associated with an endobronchial lipoma that was shown 
on CT before surgical resection. The patient was asymptomatic. 

A 62-year-old man had pulmonary atelectasis that had been found 
incidentally on a routine chest radiograph 2 months earlier. Except 
for several subcutaneous masses in the extremities, no other abnor- 
malities were evident. Cytologic examination of sputum showed no 
abnormalities, and culture of the sputum was negative. Fiberoptic 
bronchoscopy showed a round tumor completely obstructing the 
orifice of the bronchus of the right upper lobe. CT scans showed a 
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Fig. 1.—CT scan shows 
round mass (arrow) filling 
lumen of bronchus of right 
upper lobe and collapse 
(arrowheads) of lung dis- 
tally. Areas of mass have 
density similar to that of 
fat. 





2.2-cm round mass (attenuation, —63 H) completely filling the lumen 
of the bronchus of the right upper lobe and collapse of the lobe (Fig. 
1). At surgery, the right-upper-lobe bronchus was opened, and a 
smooth, yellow tumor was excised. Histologic diagnosis was endo- 
bronchial lipoma. A biopsy was done, and the diagnosis was subcu- 
taneous lipoma. 

Endobronchial lipomas originate from fatty tissue that is normally 
present in the bronchial tree and consist mainly of histologically 
normal adult fat cells. The tumors are usually found in middle-aged, 
obese men. Our patient also had lipomatosis. Chest radiographs 
usually show obstruction in the large bronchi and distal collapse or 
consolidation. Tomography and bronchography may be helpful in 
outlining the bronchial obstruction. CT scans may help detect the 
lipoma. MR imaging also may be useful. The tumors can usually be 
removed bronchoscopically or by bronchotomy during a thoracotomy. 
Lobectomy or pneumonectomy may be avoided, limiting unnecessary 
morbidity and mortality [2]. 

Ren Luo Peng 

Wang Xi Huang 

First Affiliated Hospital 
Hunan Medical University 
Changsha, P. R. C. 410008 
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The Economic Implications of Radiologic Screening 
for Colonic Cancer 


In their article [1] on the economic implications of radiologic screen- 
ing for colonic cancer, Gelfand and Ott mention that flexible sigmoid- 
oscopy is now widely performed with the 35- or 60-cm instruments 
and that 80% of those polyps seen with the 60-cm sigmoidoscope 
can be detected with the 35-cm sigmoidoscope. They further add 
that with the shorter instrument, the entire sigmoid is viewed in only 
13% of the examinations. With the 60-cm instrument, the entire 
sigmoid is seen in 80% of the examinations, and only 40% of colonic 
cancers lie within reach of this instrument. In citing their own experi- 
ence, they state that 44% of their detected cancers were in the 
sigmoid colon, and they go on to assume that with some combination 
of the 35-cm and 60-cm instruments, many of these lesions would 
be missed. 

In response to these statements, | wish to draw attention to two 
important factors that must be considered before any such assump- 
tions or conclusions are made. Gelfand and Ott did not verify what 
percentage of procedures currently are performed with the shorter 
35-cm or the 65-cm instruments. They also did not search the 
extensive primary care literature, specifically the family practice liter- 
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ature, which has 99% of the needed information on flexible sigmoid- 
oscopy. All training programs in family practice now offer training in 
the use of the 60-cm sigmoidoscope, and the American Academy of 
Family Physicians and the American Society of Gastrointestinal En- 
doscopy jointly have established a training program. McMillan Rodney 
and John Hocutt are two of the many who have written extensively 
on the subject. 

Gelfand and Ott state that full compliance in the population being 
screened is unlikely for the combination of tests to detect occult 
blood in the feces and flexible sigmoidoscopy. The source of this 
information is not clear, and the authors state that screening for 
colonic cancer should include visualization of the entire colon and be 
highly accurate in detecting both cancer and adenoma. They indicate 
that the two examinations that are capable of doing this are the 
barium enema and colonoscopy. What indications do they have to 
ensure full compliance with either of these procedures? If they refer 
to these two examinations as screening procedures for asymptomatic 
patients, then a great measure of disagreement and debate is likely. 

Cost is a major determinant of any screening procedure, and the 
two procedures that Gelfand and Ott recommend (i.e., barium enema 
and colonoscopy) are prohibitive in cost ($200-$1500). In addition, 
compliance by the medical community and the public is likely to be 
poor. The authors describe the deficiencies of colonoscopy but do 
not consider the deficiencies that occur with barium enemas. In their 
concluding remarks, they indicate that the combination of barium 
enema and the test for fecal occult blood is the most effective 
screening technique despite the problems that occur with both of 
these tools. This recommendation might be acceptable for the high- 
risk population; however, | have serious reservations about applying 
this strategy for the general population. | am told that the current 
recommendations of the American Cancer Society are having an 
impact. Primary care physicians, family practice physicians, and in- 
ternists have only in the last decade been involved in a big way in 
screening for colonic cancer, and the results should become available 
in the next few years. Before we embark on a more costly effort, 
especially in the face of burgeoning health care costs and when less 
costly ways of providing health care are being explored, we as 
physicians need to be more responsible. It is a tragedy that the 
specialist literature continues to ignore the primary care literature, 
especially when we recognize that 90% of referrals originate at the 
primary care level. 


Jay R. Varma 
Medical College of Georgia 
Augusta, GA 30912-3500 
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Reply 


We admit that we did not search the primary care literature to find 
data on the efficacy of fiberoptic sigmoidoscopy [1]. However, we 
think that articles published by gastroenterologists and surgeons, 
who are at least as skilled, are a reasonable substitute. 

The combination of sigmoidoscopy and tests for occult blood in 
the feces has made a modest contribution to lowering overall deaths 
from colorectal cancer. However, carcinomas that are not bleeding 
and that are located proximal to the sigmoid colon cannot be detected 
by this combination of tests, and therefore one fourth to one third of 
colorectal carcinomas are undetected by this means. As a result, a 
patient screened with sigmoidoscopy and tests for fecal occult blood 
cannot be assured that a carcinoma is not present in the colon. Only 
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an examination of the entire colon potentially can detect all or nearly 
all colorectal neoplasms. 

The barium enema has the accuracy necessary for reliable detec- 
tion of colorectal neoplasms. Recent publications [2-4] indicate that 
sensitivities approaching 100% are possible in the radiologic diag- 
nosis of colorectal carcinoma. The recent work of Eddy [5] suggests 
that the combination of barium enema plus testing for occult blood is 
approximately twice as effective as sigmoidoscopy plus testing for 
occult blood in screening for colorectal cancer and at little increase 
in cost. 

Colonoscopy also can be used. However, the cost is prohibitive 
and in one fourth of attempts, the entire colon is not examined [6]. 
Colonoscopy also is somewhat dangerous; it is fatal in 1 in 5000 
diagnostic examinations and causes a life-threatening complication in 
1 in 500 [7]. It is therefore unsuitable for screening asymptomic 
persons. 

David W. Gelfand 

David J. Ott 

Bowman Gray School of Medicine 
Winston-Salem, NC 27157-1088 
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Hydatid Disease: CT Demonstration and Follow-up 
of a Cystogastric Fistula 


A 31-year-old man had dull continuous pain in the left upper 
quadrant associated with a high fever of 20 days’ duration. The 
patient had a history of traumatic splenic rupture with hepatic and 
peritoneal hydatidosis, for which he had had splenectomy and re- 
moval of hydatid cysts. During the current admission, a sonogram 
showed multiple hepatic hydatid cysts, a cyst in the head of the 
pancreas, and extensive metastatic peritoneal hydatidosis. A week 
later, increasing abdominal pain developed; this was followed by 
hydatidemesis and hydatidorrhea (vomiting or rectal passage of hy- 
datid material) for 2 days. After this, the abdominal pain and fever 
subsided. A Gastrografin (meglumine diatrizoate) study and CT 
showed a large ruptured hydatid cyst in the region of the splenic bed 
communicating with the stomach (Fig. 1A). 

In view of the patient's history of recurrent hydatidosis and exten- 
Sive peritoneal disease, it was decided to treat him with long-term 
high-dose albendazole (10 mg/kg per day). Follow-up CT 6 months 
later showed a residual collapsed cyst in the same region as the 
earlier communicating cyst. All other cysts were smaller than before, 
and the number of daughter cysts had decreased (Fig. 1B). The 
patient is now asymptomatic and his weight has increased 20 kg in 
6 months. 

Spontaneous rupture of abdominal hydatid cysts is an uncommon 
complication, usually seen in younger patients, and in 80% of cases 
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Fig. 1.—Cystogastric fistula in hydatid disease. 

A, CT scan shows contrast material in stomach, which has leaked 
(arrow) into a large multiloculated cavity (arrowheads) in splenic bed. Air- 
fluid levels, air bubbles, and contrast material are seen within cavity. Other 
hydatid cysts with daughter cysts can be seen in liver. 

B, Follow-up CT scan obtained 6 months after A shows relationship of 
stomach to residual collapsed cyst (arrows). Size of cysts in liver and 
number of daughter cysts are smaller. 


is manifested as pain (100%), peritonitis (60%), or anaphylaxis (40%). 
Rupture is usually into the biliary tree, pancreatic duct, or pleural and 
peritoneal cavities. Rupture is associated with high morbidity and 
mortality. Rupture into hollow viscera is extremely rare; only a few 
cases have been reported [1]. 

To our knowledge, this is the first case with radiologic demonstra- 
tion of spontaneous formation of a cystogastric fistula and subse- 
quent hydatidemesis and hydatidorrhea. Only two cases of rupture 
of hydatid cysts into the stomach have been reported [2, 3], but in 
these the diagnosis was made at surgery. We were able to make a 
preoperative diagnosis of rupture of a hydatid cyst into the stomach 
because of the dramatic clinical features (hydatidemesis and hyda- 
tidorrhea) and the demonstration on both Gastrografin study and CT 
of the site of communication as well as air-fluid levels with floating 
hydatid membranes within the cyst. 

Drainage of the cyst contents into bowel also resulted in a spon- 
taneous cure of the patient's signs and symptoms. This suggests 
that cystoenterostomy may be a simple and safe alternative thera- 
peutic procedure for nonresectable hydatid cysts. 

Rajeev Jain 

Sukhpal Sawhney 

Manorama Berry 

All India Institute of Medical Sciences 
New Delhi 110029, India 
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CT Appearance of Retrograde 
Jejunoduodenogastric Intussusception: A Rare 
Complication of Gastrostomy Tubes 


It was with great interest that we read the case report [1] of a 
retrograde intussusception associated with the use of a gastrostomy 
tube. We treated a similar complication in a 60-year-old patient who 
had had part of his colon resected because of carcinoma. He had 
been operated on a second time for recurrent carcinoma, and several 
months after this surgery, he had midabdominal pain and plain film 
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Fig. 1.—Retrograde jejunoduodenogastric intussusception. 

A, CT scan shows mesentery wrapped within bowel. 

B, Pathologic specimen shows retrograde intussusception of part of 
small bowel. 


findings suggestive of small-bowel obstruction again. The results of 
endoscopy of the upper gastrointestinal tract to the ligament of Treitz 
were considered normal at this time. A small-bowel barium exami- 
nation showed a partial obstruction of the small bowel at the level of 
the jejunoduodenal junction. CT showed mesentery wrapped within 
bowel, and an intussusception was diagnosed (Fig. 1A). Endoscopy 
at that time showed a retrograde intussusception without a demon- 
strable leading lesion. The portion of bowel involved was surgically 
removed, and examination of a gross specimen confirmed retrograde 
intussusception (Fig. 1B). The intussusception was long-term and 
without ischemic change. 
Theodore J. Dubinsky 
Kalle Kang 
Overlake Medical Center 
Bellevue, WA 98004-4686 
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Reply 


We thank Drs. Dubinsky and Kang for their letter describing an 
interesting case of jejunoduodenal intussusception diagnosed on the 
basis of CT findings and determined to be retrograde by examination 
of a pathologic specimen. The case is especially noteworthy because 
retrograde enteric intussusceptions are exceedingly rare in the ab- 
sence of a demonstrable lead point. However, we think this case is 
somewhat different from the one we reported [1]. In our patient, the 
gastrostomy tube balloon was implicated as the lead point of the 
jejunal intussusception, which telescoped retrograde into the gastric 
lumen and had a characteristic CT appearance. Nonetheless, the 
case reported by Drs. Dubinsky and Kang confirms the usefulness of 
CT in making a specific diagnosis of enteric intussusception. 

Andrew Weber 

Scott Nadel 

Duke University Medical Center 
Durham, NC 27710 
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Hypoplasia of the Left Lobe of the Liver 


A 33-year-old woman was examined because of a mass in the left 
lobe of the liver that had been diagnosed on the basis of sonography 
performed elsewhere. At our institution, sonography performed in 
multiple planes showed a normal liver except for a small lateral 
segment of the left lobe. On CT, the segment was only 2 cm wide, 
as measured from the falciform ligament (Fig. 1A). CT scans obtained 
at the level of the gallbladder showed a small medial segment of the 
left lobe of the liver (Fig. 1B). The surface of the left lobe was concave 
where the liver was close to the stomach. The patient had no history 
of abdominal surgery or diseases associated with hepatic atrophy 
(e.g., postnecrotic cirrhosis, obstruction of the bile duct, hydatid 
disease, or venocclusive disease). 





Fig. 1.—Hypoplasia of left lobe of liver. 

A, CT scan shows lateral segment of left lobe is quite thin, about 2 cm 
(on original scan) as measured from falciform ligament, which is seen as 
thin lucent line. Surface of left lobe next to stomach is concave. 

B, CT scan at level of gallbladder shows small amount of hepatic tissue 
to left of gallbladder fossa, reflecting hypoplasia of medial segment of left 
lobe of liver. 


The liver is divided into true anatomic right and left lobes by the 
main interlobar fissure, which is approximated by drawing a line from 
the superior recess of the gallbladder through the fossa of the inferior 
vena cava. Medial to this line, the falciform ligament is located 
between the medial and lateral segments of the left lobe in the left 
intersegmental fissure [1, 2]. On CT, absence of hepatic tissue to the 
left of the gallbladder fossa is a distinctive finding associated with 
absence of the left hepatic lobe, and absence of the falciform ligament 
is supporting evidence [1, 3]. 

In our case, the presence of a small amount of hepatic tissue to 
the left of the gallbladder fossa and to the left of the falciform ligament 
reflected hypoplasia of the entire left lobe of the liver. The small 
amount of tissue and the concavity of the left lobe of the liver where 
the liver was adjacent to the stomach may have caused air artifacts 
on the initial sonograms, leading to the inaccurate diagnosis of a 
mass. In the case of absence of the left hepatic lobe, similar potential 
for misdiagnosis based on findings on liver scintigraphy has been 
reported [3]. Our case shows that CT is useful for detecting hypopla- 
sia of the left lobe of the liver and for clarifying sonographic findings 
in such cases. 
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Uterine Adenofibroma Mimicking Endometrial 
Carcinoma: MR Findings 


Uterine adenofibroma was first described by Ober [1] in 1959 as a 
form of mixed mesodermal tumor in which both the stromal and 
epithelial components are benign. The lesion most commonly occurs 
in older women, and treatment usually has been hysterectomy, 
because of the tumor’s obvious potential for recurrence [2-4]. No 
previous reports in the literature have described the CT or MR 
findings. We present the MR findings in a case of uterine adenofi- 
broma that mimicked endometrial carcinoma. 

A 60-year-old woman sought medical attention because of vaginal 
bleeding. Colposcopy showed a polypoid lesion in the uterine cervix. 
The lesion was removed, and pathologic examination showed that it 
was an endocervical polyp. Physical examination revealed an en- 
larged uterus. Contrast-enhanced CT showed that the uterine cavity 
was widened and had lower attenuation than the enhancing myo- 
metrium surrounding it. Marked thinning of the myometrium due to a 
leiomyoma and a right hydrosalpinx were visualized. We thought 
endometrial carcinoma with pyometra was the most likely diagnosis, 
but a specimen of the endometrium showed no evidence of a malig- 
nant neoplasm. On preoperative sagittal T2-weighted spin-echo MR 
images, the endometrial mass had a slightly heterogeneous high 
signal intensity, and the high signal intensity extended into the cervical 
canal (Fig. 1A). However, the endometrial-myometrial interface was 
smooth. Multiple leiomyoma nodules were present. On T1-weighted 
MR images obtained after administration of gadopentetate dimeglu- 
mine, the endometrial mass enhanced heterogeneously (Fig. 1B). 
This lesion was misinterrupted as an endometrial carcinoma with 
cervical invasion, and radical hysterectomy was performed. Histologic 
examination of the resected uterus showed uterine adenofibroma 
and multiple leiomyomas. 

Since Ober’s description [1], several additional cases of uterine 
adenofibroma have been reported [2-4]. However, the CT or MR 





Fig. 1.—Uterine adenofibroma mimicking endometrial carcinoma. 

A, Sagittal MR image (2200/70 [TR/TE]) shows high-signal-intensity 
lesion (arrow) extending into cervical canal. 

B, Contrast-enhanced MR image (600/20) shows heterogeneous, patchy 
enhancement of solid parts of lesion. 
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appearance of such lesions has not been described previously. In our 

case, we misinterpreted the lesion as endometrial carcinoma, be- 

cause the tumor showed mild enhancement on T1-weighted images 

with contrast material, and because the high signal intensity of the 

lesion extended into the cervical canal. Thus, uterine adenofibroma 

could not be differentiated from endometrial carcinoma on the basis 

of the MR findings. When widening of the endometrium is seen on 

MR imaging, endometrial carcinoma should be suspected, but aden- 
ofibroma is one of the possible diagnoses. 
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Prostatic and Renal Stones and Unilateral 
Obstruction of the Urinary Tract Caused by 
Ochronosis 


A 35-year-old man was examined because of infertility. He had 
had dysuria for 2 years. Azoospermia was evident. The urine was 
alkaline, and microscopy showed pyuria. Radiographs showed calci- 
fied intervertebral disk spaces in the lumbar, thoracic, and lower 
cervical spine (Figs. 1A and 1B), suggesting ochronosis. Tests for 
alkaptonuria were positive. Excretory urography showed that the left 
kidney was not functioning. Two prostatic stones and a stone in the 
left kidney were evident (Fig. 1A). Suprapubic transvesical prostatec- 
tomy and left nephrectomy were performed. The renal sinus was 
moderately dilated and contained brown ochronotic pigment. A small 





Fig. 1.—Ochronosis in a 35-year-old man. 

A, Excretory urogram obtained 15 min after injection of contrast material 
shows no function and a stone in left kidney, two stones in lateral lobes of 
prostate, and calcified intervertebral disks in lumbar spine. Same findings 
were present 24 hr later (not shown). 

B, Lateral radiograph of dorsal spine shows calcified intervertebral 
disks. 
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stone was present in the lower calix. Brown pigment was also 
aspirated from the left ureter. The prostate was brown, and two 
stones were present in the lateral lobes. 

Ochronosis is the disease associated with alkaptonuria, a rare 
autosomal recessive disorder caused by a deficiency of the enzyme 
homogentisic acid oxidase. Cardinal features include pigmentation of 
fibroconnective tissues, arthritis, and dark urine [1]. Reports of och- 
ronotic involvement of the urinary system, which usually is limited to 
the incidental finding of prostatic and renal stones, have been limited 
[1-4]. In those cases, the prostatic stones have been attributed to 
the alkaline pH of the prostate. The alkalinity causes rapid polymeri- 
zation of homogentisic acid, and the polymerized material serves as 
a nidus for the stone [1]. In the case reported here, obstruction of 
the left ureter by loose ochronotic debris resulted in nonfunctioning 
of the left kidney. The high pH caused by long-standing infection may 
have caused precipitation of homogentisic acid in the ureter and the 
formation of the stone in the left lower calix. 
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Congenital Constricting Ring and Amputations of 
the Fingers Due to Amniotic Bands 


A 19-year-old man had congenital deformities of the fingers due to 
amniotic bands. The patient had no other abnormalities. The fingers 
of both hands were amputated except for the right first digit and the 
left third digit. A constricting ring of the soft tissue was present in the 
middle phalanx of the left third digit (Fig. 1). 

Congenital constricting rings (bands) are soft-tissue grooves or 
depressions in the limbs or, most frequently, the fingers. The rings 
are often multiple and asymmetric [1]. In some cases, complete 
amputation occurs in utero. The incidence of such rings was one in 
10,000 births in one series and one in 45,000 births in another [1]. 
No familial cases have been seen [1]. The rings can be detected 
Clinically and radiologically. The bones distal to the ring are usually 
poorly developed or are absent. At the stumps of the amputations, 
the normal skin whorls are interrupted. When whorls are present at 
the tips of the stumps, primary agenesis is likely. The rings are 
associated with rupture of the amniotic membrane leading to fibrous 
bands of mesoderm that spread out from the chorionic side of the 
amnion. Fetal abnormalities occur when fetal parts become entrapped 
by the bands [2, 3]. 


Fig. 1.—Radiograph of hands 
shows multiple asymmetric am- 
putations of fingers. Soft-tissue 
ring in middle phalanx of left third 
finger is typical of congenital con- 
stricting ring due to an amniotic 
band. 
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In the case reported here, multiple, asymmetric involvement of the 
fingers, lack of skin whorls at the stumps of the amputations, and 
the presence of a constricting ring in the left third digit suggested the 
diagnosis of congenital constricting ring and amputations associated 
with amniotic bands. 
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MR Appearance of Neural Grafts in a Primate 
Model of Huntington Disease 


Huntington disease is a genetic disorder characterized by abnormal 
movements ranging from chorea to an akinetic rigid state and by a 
progressive dementia. Positron emission tomography (PET) and CT 
have shown a progressive degeneration of the striatum (putamen 
and caudate nucleus) [1]. As no treatment for the disease has been 
found, the experimental development of neural transplants may be 
useful for future therapeutic application. We used MR imaging to 
control the stereotaxic location of induced lesions and transplanted 
cells in a primate model of Huntington disease and to visualize and 
follow the development of intracerebral fetal grafts. 

Three baboons (Papio papio; body weight, 10-20 kg) were used. 
The model of Huntington disease was produced by stereotaxic 
intrastriatal injections of ibotenic acid, a glutamate receptor agonist, 
into the right caudate-putamen complex. When stimulation by apo- 
morphine is used in this model the typical choreiform abnormal 
movements of Huntington disease are reproduced [2]. Six weeks 
after the injections, cell suspensions of the primordial dorsal striatum 
taken from rat fetuses of 15-16 days gestational age were trans- 
planted by using the same injection procedure. The baboons then 
received a daily immunosuppressive treatment. The evolution of the 
lesions and of the grafts of fetal cells was followed by using PET 
(striatal dopamine function) and behavioral studies (quantification of 
the abnormal movements). For baboons 1 and 2, MR studies were 
performed 2 and 5 weeks after the injection of ibotenic acid and 2 
and 4 weeks after the transplantation. For baboon 3, one MR study 
was performed 6 weeks after the transplantation. We used a special 
head holder equipped with ear bars and orbital bars that allows an 
accurate determination of the stereotaxic coronal plane of reference 
containing the ear bars. Sagittal images were obtained to visualize 
this reference plane and the plane containing the lesion and the graft. 
Then coronal T1-weighted images were obtained (gradient echo, 
360/12 [TR/TE], 90°, 3-mm slices) from the plane of reference 
containing the ear bars to the lesion or graft plane. In addition, a 
heavily T2-weighted spin-echo single slice was obtained on the lesion 
plane (2500/25-120, 3-mm slices). 

The lesions were poorly delimited hypointense areas on T1- 
weighted images and larger hyperintense areas on 1T2-weighted 
images. In contrast to this, the graft site was a sharply delimited 
hypointense small area (2 mm in diameter) on T1- and T2-weighted 
sequences (Figs. 1A and 1B). Pathologic examination of tissues from 
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Fig. 1.—A, T1-weighted gra- 
dient-echo coronal MR image ob- 
tained 2 weeks after transplanta- 
tion of fetal cells in primate model 
of Huntington disease shows 
graft as a small hypointense area 
(arrow). 

B, T2-weighted spin-echo cor- 
onal MR image obtained same 
day as A shows hypointense area 
surrounded by a hypersignal 
probably due to edema (arrow). 

C, Pathologic coronal section 
of striatum (arrows) shows heavy 
deposits of iron, heterogeneously 
stained by Gomori reaction, in 
grafted tissue (arrowheads). nc = 
caudate nucleus, ci = internal 
C capsule, p = putamen. 


baboons 2 and 3 showed a high concentration of ferric iron in 
hemosiderin molecules in the transplants (positive Gomori iron reac- 
tion, Fig. 1C; and negative antibody antiferritin reaction). Therefore, 


AJR:158, January 1992 


the low signal intensity of the grafts may be due to the ferromagnetic 

properties of ferric iron [3]. The cause of the high iron concentration 

is still unclear; it may be caused by bleeding during preparation of 

the graft or injection of the graft (iron contained in hemosiderin). The 

MR appearance and size of the graft were similar on successive 

examination, whereas PET and behavioral studies showed improve- 

ment of the striatal function and less abnormal movements [2]. Thus, 

in our experience, neural grafts are easily visualized on MR. The low 

signal intensity due to the presence of iron allows control of the 

anatomic location of the grafts, but MR does not seem to give 

information about the integration of the grafts in the host brain. These 

results may have implications for the MR examinations of human 
neural grafts. 
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The New England Journal of Medicine 


The use of angioplasty, bypass surgery, and amputation in the 
management of peripheral vascular disease. Tunis SR, Bass EB, 
Steinberg EP (EPS, Johns Hopkins Program for Medical Technology 
and Practice Assessment, 1830 E. Monument St., Rm. 8068, Balti- 
more, MD 21205). N Engi J Med 325:556-562, Aug. 1991 


Background. Percutaneous transluminal angioplasty has been 
adopted widely as a treatment for patients with peripheral vascular 
disease of the lower extremities. However, the effect of this procedure 
on the overall management of peripheral vascular disease and on the 
outcomes of patients has not been clearly delineated. In particular, it 
is not Known whether angioplasty has replaced other treatments for 
peripheral vascular disease. 

Methods. To assess the extent to which angioplasty is used and 
the associated changes in the surgical management of peripheral 
vascular disease of the lower extremities, we used data on hospital 
discharges in Maryland to identify all angioplasty procedures, periph- 
eral bypass operations, and lower-extremity amputations performed 
for peripheral vascular disease in Maryland hospitals between 1979 
and 1989. 

Results. We estimate that from 1979 to 1989 the annual rate of 
percutaneous transluminal angioplasty for peripheral vascular disease 


of the lower extremities, adjusted for age and sex, rose from 1 to 24 
per 100,000 Maryland residents (P < 0.0001 by linear regression). 
Despite this increase in the use of angioplasty, the adjusted annual 
rate of peripheral bypass surgery also rose substantially, from 32 to 
65 per 100,000 (P < 0.001), whereas the adjusted annual rate of 
lower-extremity amputation remained stable at about 30 per 100,000. 
Total charges for hospitalizations during which a peripheral revascu- 
larization procedure was performed increased from $14.7 million in 
1979 (in 1989 dollars) to $30.5 million in 1989. 

Conclusions. In Maryland, the adoption of percutaneous translu- 
minal angioplasty for peripheral vascular disease of the lower extrem- 
ities has been associated with an increase in the use of peripheral 
bypass surgery and with no decline in lower-extremity amputations. 
These results could be due to increased diagnosis of peripheral 
vascular disease, expanded indications for procedural interventions, 
or an increased number of repeat procedures performed in patients 
with peripheral vascular disease of the lower extremities. 


Beneficial effect of carotid endarterectomy in symptomatic pa- 
tients with high-grade carotid stenosis. North American Sympto- 
matic Carotid Endarterectomy Trial Collaborations (D. W. Taylor, 
Dept. of Clinical Epidemiology and Biostatistics, McMaster University, 
1200 Main St. W., Hamilton, Ontario L8N 325, Canada). N Engl J 
Med 325(7):445-453, Aug. 1991 


Background. Without strong evidence of benefit, the use of carotid 
endarterectomy for prophylaxis against stroke rose dramatically until 
the mid-1980s, then declined. Our investigation sought to determine 
whether carotid endarterectomy reduces the risk of stroke among 
patients with a recent adverse cerebrovascular event and ipsilateral 
carotid stenosis. 

Methods. We conducted a randomized trial at 50 clinical centers 
throughout the United States and Canada, in patients in two prede- 
termined strata based on the severity of carotid stenosis—30 to 69 
percent and 70 to 99 percent. We report here the results in 659 
patients in the latter stratum, who had had a hemispheric or retinal 
transient ischemic attack or a nondisabling stroke within the 120 
days before entry and had stenosis of 70 to 99 percent in the 
symptomatic carotid artery. All patients received optimal medical care, 
including antiplatelet therapy. Those assigned to surgical treatment 
underwent carotid endarterectomy performed by neurosurgeons or 
vascular surgeons. All patients were examined by neurologists 1, 3, 
6, 9, and 12 months after entry and then every 4 months. End points 
were assessed by blinded, independent case review. No patient was 
lost to follow-up. 

Results. Life-table estimates of the cumulative risk of any ipsilateral 
stroke at two years were 26 percent in the 331 medical patients and 
9 percent in the 328 surgical patients—an absolute risk reduction (+ 
SE) of 17 + 3.5 percent (P < 0.001). For a major or fatal ipsilateral 
stroke, the corresponding estimates were 13.1 percent and 2.5 
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percent—an absolute risk reduction of 10.6 + 2.6 percent (P < 
0.001). Carotid endarterectomy was still found to be beneficial when 
all strokes and deaths were included in the analysis (P < 0.001). 

Conclusions. Carotid endarterectomy is highly beneficial to patients 
with recent hemispheric and retinal transient ischemic attacks or 
nondisabling strokes and ipsilateral high-grade stenosis (70 to 99 
percent) of the internal carotid artery. 


Rapid loss of vertebral mineral density after renal transplantation. 
Julian BA, Laskow DA, Dubovsky J, Dubovsky EV, Curtis JJ, Quarles 
LD (BAJ, Division of Nephrology, THT 643, UAB Sta., University of 
Alabama at Birmingham, Birmingham, AL 35294). N Engi J Med 
325:544-550, Aug. 1991 


Background. Osteopenia is a major complication of renal trans- 
plantation. Immunosuppressive regimens including cyclosporine, 
which permit the use of lower doses of glucocorticoids, may reduce 
glucocorticoid-induced osteopenia. 

Methods. We prospectively studied the magnitude, distribution, 
and mechanism of bone loss in 20 adults who received renal allografts 
from living related donors, who had good renal function, and who 
were treated with azathioprine, cyclosporine, and low doses of pred- 
nisone. We measured serum biochemical markers of bone metabo- 
lism, determined the bone mineral density of the second, third, and 
fourth lumbar vertebrae and the shaft of the radius, and analyzed the 
histomorphometric features of iliac bone at the time of transplantation 
and six months later. Measurements of vertebral mineral density were 
repeated 18 months after transplantation in 17 of the patients. 

Results. After transplantation, the mean serum concentrations of 
parathyroid hormone, phosphorus, and alkaline phosphatase de- 
creased and the serum calcitriol concentration increased. The mean 
(+SD) bone mineral density of the vertebrae had decreased 6.8 + 
5.6 percent 6 months after transplantation (P < 0.05) and 8.8 + 7.0 
percent 18 months after transplantation. In contrast, the bone mineral 
density of the radius had increased six months after transplantation 
(P < 0.05). The histomorphometric studies showed that the rate of 
bone formation decreased from 50.5 + 44.8 to 23.1 + 13.8 „m° per 
square micrometer per year (P < 0.05), and the formation period 
lengthened from 70 + 42 to 146 + 144 days (P < 0.05). Consequently, 
the amount of bone replaced during a remodeling cycle diminished. 

Conclusions. Osteopenia associated with renal transplantation re- 
mains a problem in the cyclosporine era. The loss of vertebral bone 
in our subjects was due to an imbalance in bone remodeling consist- 
ent with a toxic effect of glucocorticoids. 


Chest 


Diagnostic utility of ventilation/perfusion lung scans in acute 
pulmonary embolism is not diminished by pre-existing cardiac or 
pulmonary disease. Stein PD, Coleman RE, Gottschalk A, Saltzman 
HA, Terrin ML, Weg JG (PDS, Henry Ford Heart and Vascular 
Institute, 2799 W. Grand, Detroit, MI 48202). Chest 100(3):604-606, 
Sept. 1991 


The purpose of this study was to assess the impact of prior cardiac 
or pulmonary disease upon the utility of ventilation/perfusion (V/Q) 
scans in the diagnosis of acute pulmonary embolism (PE). Ventilation/ 
perfusion scans were evaluated among 365 patients with no prior 
cardiac or pulmonary disease and compared to V/Q scans in 526 
patients with prior cardiac or pulmonary disease. Among patients 
with no prior cardiac or pulmonary disease, PE was present in 117 
and PE was excluded in 248. Among patients with prior cardiac or 
pulmonary disease, PE was present in 140 and excluded in 386. The 
positive predictive value for PE of high probability V/Q scans among 
patients with prior cardiac or pulmonary disease, 55 of 66 (83 
percent), was not significantly lower than among patients without 
prior cardiac or pulmonary disease, 50 of 54 (93 percent) (NS). The 
positive predictive value of low probability V/Q scans was similar with 
prior cardiac or pulmonary disease, 25 of 182 (14 percent), and 
without prior cardiac or pulmonary disease, 17 of 113 (15 percent) 
(NS), as was the predictive value of near normal/normal V/Q scans, 
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2 of 51 (4 percent), vs 3 of 79 (4 percent) (NS). The sensitivity of high 
probability V/Q scans, with pre-existing cardiac or pulmonary disease 
and without, 55 of 140 (39 percent) vs 50 of 117 (43 percent), did 
not differ significantly. The specificity of high probability V/Q scans 
with prior cardiac or pulmonary disease and without, 375 of 386 (97 
percent) vs 244 of 248 (98 percent) was also similar (NS). In conclu- 
sion, the diagnostic utility of V/Q scans for acute PE was not impaired 
by the presence of pre-existing cardiac or pulmonary disease. Fewer 
patients, however, with no prior cardiac or pulmonary disease, had 
intermediate (indeterminate) V/Q scans. 


Pulmonary embolectomy by catheter device in massive pulmo- 
nary embolism. Timsit JF, Reynaud P, Meyer G, Sors H (JFT, Division 
of Pneumology and Intensive Care, Laennec Hospital, Paris, France). 
Chest 100(3):655-658, Sept. 1991 


From 1982 to 1989, ECD was performed on 18 patients suffering 
from poorly-tolerated massive pulmonary embolism, for whom classic 
treatments (fibrinolytics and surgery) were impossible. Eleven of these 
18 patients immediately improved (S group). This procedure was 
unsuccessful in other seven patients (F group). Thirteen patients 
survived (72 percent). The time lag between the first epidose of 
pulmonary embolism and ECD was significantly shorter in the S group 
than in the F group (4.7 + 5.4 days vs 18.3 + 6.9 days, p = 0.0004). 
So was the elapsed time between the onset of hemodynamic impair- 
ment and ECD (13 + 12 hours vs 59 + 38 hours, p = 0.003). We 
conclude that ECD should be considered when other treatments are 
impossible especially when the first symptoms date back less than 
15 days and the hemodynamic impairment less than 48 h. 


Circulation 


Balloon angioplasty for recurrent coarctation of aorta: immediate 
and long-term results. Hijazi ZM, Fahey JT, Kleinman CS, Hellen- 
brand WE (WEH, Dept. of Pediatrics, Yale University School of 
Medicine, 333 Cedar St., New Haven, CT 06510). Circulation 
84:1150-1156, 1991 


Background. As angioplasty techniques have been refined and 
larger low-profile balloons developed, a nonsurgical approach to 
recoarctation has become available. Several reports have docu- 
mented both the efficacy and safety of this procedure. However, 
there are little data available on the long-term follow-up of these 
patients. This report details the initial results and long-term evaluation 
of both the relief of obstruction and the presence of hypertension 
after balloon angioplasty for recurrent coarctation. 

Methods and Results. Balloon angioplasty for recurrent coarctation 
of the aorta was performed 29 times in 26 patients at a median age 
of 4 years and 9 months (range, 4 months to 29 years), with eight 
patients less than 1 year old. Initial surgical techniques were end-to- 
end anastomosis in 11 patients, subclavian flap aortoplasty in 11 
patients, and patch aortoplasty in four patients. Angioplasty was 
performed at a median interval of 2 years and 7 months (range, 4 
months to 23 years) after surgery. Mean peak systolic pressure 
difference across the coarctation decreased from 40.0 + 16.8 to 10.3 
+ 9.5 mm Hg (p < 0.05) after the initial angioplasty, and mean 
diameter of the aortic lumen at the coarctation site increased from 
5.8 + 3.5 to 9.0 + 4.3 mm (p < 0.05). There was no mortality, and 
only one patient developed an aneurysm (4%). Three patients under- 
went repeat angioplasty for a pressure difference of more than 20 
mm Hg. Long-term follow-up is available on 24 of 26 patients with a 
mean follow-up of 42 + 24 months (range, 12-88 months). Mean 
peak systolic pressure difference across the area of coarctation 
decreased from 40.3 + 17.4 before angioplasty to 8.5 + 8.3 mm Hg 
after final angioplasty (p < 0.05) and 7.5 + 7.5 mm Hg at follow-up. 
Mean peak systolic blood pressure in the upper extremities decreased 
from 133.1 + 14.9 before angioplasty to 111.1 + 14.1 mm Hg at 
long-term follow-up (p < 0.05). 

Conclusions. Balloon angioplasty should be considered the treat- 
ment of choice for relief of recurrent aortic coarctation. 
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Gastroenterology 


Complications of endoscopic sphincterotomy: a prospective se- 
ries with emphasis on the increased risk associated with sphinc- 
ter of Oddi dysfunction and nondilated bile ducts. Sherman S, 
Ruffolo TA, Hawes RH, Lehman GA (SS, Division of Gastroenterol- 
ogy/Hepatology, Indiana University Hospital, Indianapolis, IN). Gastro- 
enterology 101:1068-1075, 1991 


Mostly retrospective series with limited use of sphincter of Oddi 
manometry have indicated that early complications are more common 
when endoscopic sphincterotomy is performed for sphincter of Oddi 
dysfunction than for common duct stones. The current study was 
undertaken to prospectively evaluate the frequency and type of 
complications of endoscopic sphincterotomy performed for sphincter 
of Oddi dysfunction compared with endoscopic sphincterotomy per- 
formed for other conditions. Four hundred twenty-three patients 
underwent sphincterotomy for sphincter of Oddi dysfunction (166), 
common duct stones(s) (163), tumor (60), and miscellaneous reasons 
(34). Patients were observed in the hospital for at least 24 hours after 
the procedure, and 30-day follow-up data were obtained. The overall 
complication rate was 6.9%, but complications were more frequent 
when sphincterotomy was performed for sphincter of Oddi dysfunc- 
tion than for all other indications (10.8% vs. 4.3%; P = 0.009). Precut 
sphincterotomy was more frequently required in the sphincter of Oddi 
dysfunction group (21.1% vs. 11.7%, P = 0.009) but was no more 
likely to result in a complication (6.2%) than standard sphincterotomy. 
The risk of a complication was considerable for a small-diameter 
common bile duct (<5 mm), particularly when sphincterotomy was 
performed for sphincter of Oddi dysfunction (37.5%). The overall 30- 
day mortality rate was 1.7%, but the procedure-related mortality rate 
was believed to be 0.2%. It is concluded that endoscopic sphincter- 
otomy for sphincter of Oddi dysfunction is more hazardous than for 
other conditions, particularly when a small common bile duct is 
present. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Incidence of ultrasound-detected intrahepatic hematomas due to 
Tru-cut needle liver biopsy. Sugano S, Sumino Y, Hatori T, Mizu- 
gami H, Kawafune T, Avei T (SS, Saiseikai-Wakakusa Hospital, 12-1 
Hirakata-cho, Kanazawa-ku, Yokohama-shi Kanagawa, Japan 236). 
Dig Dis Sci 36(9):1229-1233, Sept. 1991 


This is a prospective study in which 120 patients with diffuse liver 
disease undergoing liver biopsy were followed by serial ultrasounds 
to determine the incidence of postbiopsy intrahepatic hematoma 
formation. Forty-five of the patients had a blind biopsy, while the 
remaining 75 patients had a biopsy performed during laparoscopy. In 
both groups a 2.0-mm Tru-cut needle was employed. The overall 
incidence of postbiopsy hematoma formation was 18.3%, with ap- 
proximately the same results occurring in blind biopsy patients (20%) 
and laparoscopy-guided biopsy patients (17%). Only two patients 
had significant pain associated with the hematoma formation (one 
from each group), one of whom had evidence of intraperitoneal bleed 
and rebleed. Our results suggest that postbiopsy asymptomatic 
hematomas occur more frequently than had been generally thought 
and that laparoscopy-guided biopsy is not safer than blind biopsy. 


The Journal of Bone and Joint Surgery 


Radiographic detection of metal-induced synovitis as a compli- 
cation of arthroplasty of the knee. Weissman BN, Scott RD, Brick 
GW, Corson JM (BNW, Brigham and Women’s Hospital, 75 Francis 
St., Boston, MA 02115). J Bone Joint Surg [Am] 73-A(7):1002-1007, 
Aug. 1991 


Radiographs of eighteen patients who had had a diagnosis of 
metal-induced synovitis subsequent to a knee replacement arthro- 
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plasty were retrospectively reviewed. The presence of a dense line 
outlining a portion of the capsule or articular surface of the knee joint 
(the so-called metal-line sign) was noted in association with wear in 
eleven patients. In the nine patients who had a positive sign and also 
had specimens available for histological examination, there was dense 
deposition of metal particles, whereas in the six patients who did not 
have a metal-line sign and had specimens available for histological 
examination, five had only a slight amount of metal in the synovial 
tissue and one, a moderate amount. The presence of the metal-line 
sign was associated with metal-induced synovitis in eleven of the 
eighteen patients. The sign should be useful in helping to make this 
diagnosis preoperatively in many patients. 


The Journal of Urology 


The nutcracker syndrome: new aspects of pathophysiology, di- 
agnosis and treatment. Hohenfellner M, Steinbach F, Schultz-Lam- 
pel D, et al. (MH, Dept. of Urology, Klinikum Barmen, Wuppertal, 
Germany). J Urol 146:685-688, Sept. 1991 


Magnetic resonance imaging (MRI) was used to study vascular 
anatomy in 3 patients with the nutcracker syndrome and in 10 healthy 
volunteers. From these studies an abnormal branching of the superior 
mesenteric artery from the aorta was identified as being the cause of 
the nutcracker syndrome. Consequently, surgical transposition of the 
left renal vein to achieve an unobstructed renal venous backflow was 
performed successfully in 2 patients, while 1 underwent nephrectomy. 
In 1 patient adjuvant ureteral instrumentation became necessary to 
aid occlusion of persisting shunts between peripelvic venous varicos- 
ities and the urinary tract. Awareness of the pathophysiology of the 
nutcracker syndrome ensures an early diagnosis, which should be 
confirmed by a combination of diagnostic procedures, including MRI. 


Pediatrics 


Dexamethasone therapy in neonatal chronic lung disease: an 
international placebo-controlled trial. Collaborative Dexametha- 
sone Trial Group (R. Jones, National Perinatal Epidemiology Unit, 
Radcliffe Infirmary, Oxford OX2 6HE, England). Pediatrics 88(3):421- 
427, Sept. 1991 


In a multicenter trial of steroid therapy for chronic neonatal oxygen 
dependence, 287 neonates were randomly allocated from around 3 
weeks of age, to dexamethasone or placebo. Active treatment sig- 
nificantly reduced the duration of further assisted ventilation among 
infants who were ventilator dependent at entry (median days for 
survivors, 11 vs 17.5). There were no statistically significant differ- 
ences between the total groups of survivors in time receiving supple- 
mental oxygen and length of stay in hospital, although the trend 
favored the dexamethasone group. Twenty-five infants in each group 
died prior to hospital discharge; most were ventilator dependent at 
trial entry. Open treatment with steroids was later given to 18% in 
the active group and to 43% in the placebo group. There was no 
evidence of serious side effects; in particular, infection rates were 
similar in the two groups. 


Reprinted by permission of PEDIATRICS © 1991. 


Long-bone fractures in young children: distinguishing accidental 
injuries from child abuse. Thomas SA, Rosenfield NS, Leventhal 
JM, Markowitz RI (JML, Dept. of Pediatrics, Yale University School 
of Medicine, 333 Cedar St., P.O. Box 3333, New Haven, CT 06510). 
Pediatrics 88(3):471-476, Sept. 1991 


While testifying in child abuse cases, physicians have been frus- 
trated by the lawyer who asks, “Doctor, how did this injury happen?” 
The medical records and radiographs of 215 children younger than 
the age of 3 with fractures evaluated by a pediatric service during a 
5-year period were retrospectively reviewed in an attempt to elucidate 
the mechanism of childhood fractures. Based on these reviews, two 
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Clinicians and two pediatric radiologists rated the likelihood that the 
fracture was either accidental or due to child abuse. Long-bone 
fractures were strongly associated with abuse. This report focuses 
on the 39 children with either humeral or femoral fractures. Fourteen 
children had humerus fractures. Eleven were considered to be the 
result of child abuse, and 3 the result of accidents. The latter 3 were 
supracondylar elbow fractures in children who fell from a tricycle, a 
rocking horse, or downstairs. Humerus fractures other than supra- 
condylar fractures were all found to be due to abuse. There were 25 
femur fractures. Nine were found to be from abuse, 14 were found 
to be from accidents, and 2 could not be rated. Sixty percent of 
femur fractions in infants younger than 1 year of age were due to 
abuse. Although it is taught that femur fractures in young children 
are inflicted unless proven otherwise, in this study it was found that 
femur fractures often are accidental and that the femur can be 
fractured when the running child trips and falls. 


Reprinted by permission of PEDIATRICS © 1991. 


The Journal of Nuclear Medicine 


Effect of exercise supplementation on dipyridamole thallium-201 
image quality. Stern S, Greenberg ID, Corne R (SS, Nuclear Medicine 
Section, Health Sciences Centre, 820 Sherbrook St., Winnipeg, Man- 
itoba R3A 1R9, Canada). J Nucl Med 32:1559-1564, 1991 


To determine the effect of different types of exercise supplemen- 
tation on dipyridamole thallium image quality, 78 patients were pro- 
spectively randomized to one of three protocols: dipyridamole infusion 
alone, dipyridamole supplemented with isometric handgrip, and di- 
pyridamole with low-level treadmill exercise. Heart-to-lung, heart-to- 
liver, and heart-to-adjacent infradiaphragmatic activity ratios were 
generated from anterior images acquired immediately following the 
test. Additionally, heart-to-total infradiaphragmatic activity was 
graded semiquantitatively. Results showed a significantly higher ratio 
of heart to subdiaphragmatic activity in the treadmill group as com- 
pared with dipyridamole alone (p < 0.001) and dipyridamole supple- 
mented with isometric handgrip exercise (p < 0.001). No significant 
difference was observed between patients receiving the dipyridamole 
infusion, and dipyridamole supplemented with isometric handgrip 
exercise. We conclude that low-level treadmill exercise supplemen- 
tation of dipyridamole infusion is an effective means of improving 
image quality. Supplementation with isometric handgrip does not 
improve image quality over dipyridamole alone. 


Gastrointestinal Radiology 


Accuracy of ultrasound in counting and measuring gallstones. 
Bret PM, Cordovez-Stanziola R, Atri M, Illescas FF, Aldis A, Her- 
schorn S (PMB, Dept. of Diagnostic Radiology, Montreal General 
Hospital, 1650 Cedar Ave., Montreal, Quebec, Canada H3G 1A4). 
Gastrointest Radiol 16:315-319, 1991 


A prospective study of accuracy of ultrasound in measuring and 
counting gallstones was undertaken in 30 patients undergoing cho- 
lecystectomy. Stones were correctly counted (up to five) in 27 of 30 
patients. Ninety-three of 106 stones (88%) examined were measured 
accurately (with a 2 mm error margin). The size of the smaller stones 
tended to be overestimated, whereas the size of the larger stones 
tended to be underestimated. When nonoperative treatment of gall- 
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stones is considered, ultrasound can be used as the first examination 
to identify patients who will not be eligible for one or another protocol 
on the basis of size or number of stones. 


Intraoperative sonography of hepatocellular carcinoma: detection 
of lesions and validity in surgical resection. Choi BI, Han JK, Song 
IS, et al. (BIC, Dept. of Radiology, Seoul National University Hospital, 
28 Yongondong Chongono-gu, Seoul 110-744, Korea). Gastrointest 
Radiol 16:329-333, 1991 


Eighty-six hepatocellular carcinomas (HCCs) in 67 patients were 
examined by intraoperative sonography. Sensitivity for detecting 
tumors with intraoperative sonography was compared with sonog- 
raphy, computed tomography (CT), hepatic angiography, and CT 
after intraarterial injection of iodized poppy-seed oil (Lipiodol-CT). The 
overall sensitivities were 76% with sonography, 86% with CT, 89% 
with angiography, 96% with Lipiodol-CT, and 98% with intraoperative 
sonography. The differences in sensitivity between intraoperative 
sonography and sonography (p < 0.01), CT (p < 0.01), and angiog- 
raphy (p < 0.05) were significant. In 35 lesions smaller than 2 cm, 
the sensitivities of Lipiodol-CT and intraoperative sonography were 
high (91 and 94%, respectively). In operating field, tumors were 
invisible in 36 (42%) and nonpalpable in 31 of 86 cases (36%). In 35 
tumors smaller than 2 cm, invisible tumors were 66% and nonpalpable 
tumors were 63% However, 84 of 86 cases (98%) could be localized 
with intraoperative sonography. 

These results suggest that intraoperative sonography is the final 
diagnostic imaging procedure before surgical resection of tumors and 
in cases of invisible and nonpalpable tumors in the operating field, 
this procedure is mandatory to improve surgical results. 


Journal of Ultrasound in Medicine 


Assessment of ovarian tumor vascularity with transvaginal color 
Doppler sonography. Fleischer AC, Rodgers WH, Rao BK, et al. 
(ACF, Dept. of Radiology and Radiological Sciences, Vanderbilt Uni- 
versity Medical Center, Nashville, TN 37232-2675). J Ultrasound Med 
10:563-568, Oct. 1991 


This report describes the results of transvaginal color Doppler 
sonography (TV-CDS) of 43 surgically proved ovarian masses. Wave- 
form analyses of the signals arising from specific vessels (i.e., periph- 
eral, central, septal) adjacent to and within these masses were 
correlated to those seen on macroscopic pathologic evaluation. The 
mean and standard deviation of the pulsatility indices (Pl) of 32 benign 
lesions (1.8 + 0.8) were higher than 11 malignant ones (0.8 + 0.6) (P 
= 0.03). However, the range of benign (4.0 to 0.7) and malignant (1.5 
to 0.4) lesions did overlap. Low Pls (<1.0) were found in five relatively 
benign lesions (one case each of dermoid cyst, cystadenoma con- 
taining a dermoid cyst, endometrioma, benign sclerosing stromal 
tumor, and the coma), but also in all 11 malignant or borderline 
malignant lesions (nine cystadenocarcinomas, two germ cell tumors), 
causing an overlap between the PIs of some benign and malignant 
masses. With a 100% negative predictive value, our preliminary data 
suggest that TV-CDS can effectively exclude malignancy. However, 
with a positive predictive value of 73%, one in four malignant lesions 
diagnosed by TV-CDS will be benign. 


Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 
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News 





Mayo Clinic Residency Program in Clinical Medical 
Physics 


The Dept. of Diagnostic Radiology, Mayo Graduate School of 
Medicine, Mayo Clinic, Rochester, MN, is offering a 2-year training 
program in clinical medical physics for persons who have recently 
received a doctoral degree in medical physics, physics, or engineer- 
ing. The objective of the program is to provide training and experience 
for those who wish to pursue careers in clinical diagnostic imaging. 
The program provides 2 of the 3 years of special training required for 
eligibility for the American Board of Radiology certification in diagnos- 
tic radiologic physics or medical nuclear physics. Facilities include 
Mayo Clinic Rochester, Mayo Jacksonville (Florida), and Mayo Scotts- 
dale (Arizona). Information: Joel E. Gray, Ph.D., Dept. of Diagnostic 
Radiology, Mayo Clinic, Rochester, MN 55905; (507) 284-4292. 


Abdominal Imaging Fellowship at Bowman Gray 


Bowman Gray School of Medicine is accepting applicants for the 
academic year beginning July 1, 1993, for its Abdominal Imaging 
Fellowship. The purpose of the 2-year fellowship is to provide ad- 
vanced training in abdominal imaging. It will include training and 
experience in CT scanning, abdominal sonography, MR imaging, 
abdominal interventional procedures, and gastrointestinal and geni- 
tourinary radiology. The program will be customized to accommodate 
individual interests and needs. Participation in ongoing programs of 
research and publication will be encouraged. Applicants must be 
board eligible and have strong recommendations. An interview will 
be required. Information: David W. Gelfand, M.D., Dept. of Radiology, 
Bowman Gray School of Medicine, Medical Center Blvd., Winston- 
Salem, NC 27157; fax: (919) 748-2029. 


AFIP Neuropathology Review Course 


The Armed Forces Institute of Pathology (AFIP) and the American 
Registry of Pathology are cosponsoring the 30th annual AFIP Neu- 
ropathology Review Course, March 2-6, at the Hyatt Regency 
Bethesda, Bethesda, MD. Basic neuropathology and recent devel- 
opments in the pathophysiology of neurologic disorders will be dis- 
cussed. As before, the course will immediately follow the annual AFIP 
Neuroradiology Review Course, which will begin on Feb. 29 and will 
be held at the same hotel. Fee: $500. Employees of the Dept. of 
Defense, full-time employees of the Veterans Administration, and 
commissioned officers of the Public Health Service will be assessed 


only an administrative fee of $225. Information: Education Division, 
AFIP, Washington, DC 20306-6000; (301) 427-5231. 


Society of Computed Body Tomography and 
Magnetic Resonance Annual Course 


The Society of Computed Body Tomography and Magnetic Res- 
onance will present its 15th annual course, March 9-13, at the Westin 
LaPaloma Resort, Tucson, AZ. The course will focus on the classical 
teachings of anatomy; the techniques, advantages, and drawbacks 
of CT and MR; and a comparison of CT and MR. Category 1 credit: 
30 hr. Fee (through Feb. 9/after Feb. 9): physicians, $625/$675: 
residents and fellows, $525/$575. Information: Society of Computed 
Body Tomography and Magnetic Resonance, c/o Matrix Meetings, 
Inc., Barbara McLeod, Meeting Manager, P. O. Box 1026, Rochester, 
MN 55903-1026; (507) 288-5620. 


Pediatric Radiology 1992 


The Dept. of Radiology, The Children’s Hospital of Philadelphia, is 
sponsoring Pediatric Radiology, April 2-4. The course will provide a 
comprehensive review of state-of-the-art imaging of infants and chil- 
dren. Topics will include indications and applications for plain film 
radiography, sonography, conventional and color Doppler imaging, 
MR imaging (angiography and spectroscopy), CT (including high- 
resolution and spiral modes), scintigraphy, and conventional angiog- 
raphy. Refresher courses will be problem oriented and will allow 
interaction with faculty members. Course directors: Henrietta Kotlus 
Rosenberg, Kenneth E. Fellows, and Richard D. Bellah. Category 1 
credit: 17 hr. Fee: physicians, $425; residents and technologists, 
$315. Information: Henrietta Rosenberg, M.D., Dept. of Radiology, 
The Children’s Hospital of Philadelphia, 34th St. and Civic Center 
Blvd., Philadelphia, PA 19104; (215) 590-2575. 


Electronic Portal Imaging 


In conjunction with a meeting of the Southern California Radiation 
Oncology group, the Southern California chapter of the American 
Association of Physicists in Medicine will hold a 2-day workshop on 
electron portal imaging, April 3-4, at the Four Seasons Hotel, New- 
port Beach, CA. Topics will include image quality specification, portal/ 
stimulation correlation, current and future uses of electronic portal 
imaging, and new concepts in hardware and software for use with 
electronic portal imaging. Information: Dr. Norman A. Baily, Dept. of 
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Radiology 0632, University of California, San Diego, 9500 Gilman Dr., 
La Jolla, CA 92093-0632. 


Radiology in Scotland 


Windham Hospital, Willimantic, CT, and the Scottish Radiological 
Society are sponsoring Radiology in Scotland, April 26-May 3, at the 
Caledonian Hotel in Edinburgh and the Old Course Hotel in St. 
Andrews. Category 1 credit: 30 hr. Fee: physicians, $750; accom- 
panying person, $250; residents in training, $350. Information: Betsy 
Birchenough, “Radiology in Scotland,” 93 Highwood Dr., Manchester, 
CT 06040; telephone: (203) 649-9119; fax: (203) 643-4549. 


Brachytherapy Symposium 


The Ohio State University is sponsoring the 6th annual Brachy- 
therapy Symposium, Focus on High Dose Rate Brachytherapy and 
Hyperthermia, May 1-2, at the Ramada University Hotel and Confer- 
ence Center, Columbus, OH. Course director: Subir Nag. Category 
1 credit: 12 hr. Fee (advanced registration/on-site registration): phy- 
sicians, $200/$250; residents and nonphysicians, $30/$50. Informa- 
tion: Debi Smith, Brachytherapy Coordinator, Dept. of Radiation 
Oncology, The Ohio State University, James Cancer Center #072, 
300 W. 10th Ave., Columbus, OH 43210; telephone: (614) 293-8415; 
fax: (614) 293-4044. 


MRI: A State of the Art Clinical Review 


Stanford University Medical Center is sponsoring MRI: A State of 
the Art Clinical Review, May 4-8, at the Ritz-Carlton San Francisco, 
San Francisco, CA. Program director: R. Brooke Jeffrey. Category 1 
credit: 23.5 hr (pending). Fee: physicians, $540; residents, fellows, 
and technologists, $340. Information: Dawne Ryals, Ryals and As- 
sociates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 
641-9773; fax: (404) 552-9859. 


Advanced Seminars in Diagnostic Imaging 


The University of California, San Diego, is sponsoring Advanced 
Seminars in Diagnostic Imaging, May 8-10, at the Ritz-Carlton La- 
guna Niguel, Laguna Niguel, CA. Program director: David S. Feigin. 
Category 1 credit: 15 hr. Fee: physicians, $400; others, $300. Infor- 
mation: Dawne Ryals, Ryals and Associates, P. O. Box 1925, Ro- 
swell, GA 30077-1925; telephone: (404) 641-9773; fax: (404) 552- 
9859. 


Doppler and Duplex Imaging 


The University of California, San Diego, is sponsoring Doppler and 
Duplex Imaging, May 21-24, at Le Meridien Hotel, San Diego, CA. 
Program directors: Barbara B. Gosink and Sandra Hagen-Ansert. 
Category 1 credit: 21.5 hr (pending). Information: Dawne Ryals, Ryals 
and Associates, P. O. Box 1925, Roswell, GA 30077-1925; tele- 
phone: (404) 641-9773; fax: (404) 552-9859. 


Vanderbilt Sonography Symposium 


Vanderbilt University Medical Center will present the 16th annual 
Sonography Symposium, May 22-23, at the Opryland Hotel, Nash- 
ville, TN. The purpose of the symposium is to provide an update on 
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new Clinical applications of obstetric and color Doppler sonography. 
Category 1 credit: 9 hr. Fee: physicians, $350; residents, $225; 
sonographers, $200. Information: Brenda Boner, Coordinator, Van- 
derbilt Division of CME, D-8211 Medical Center North, Nashville, TN 
37232-2337; (615) 322-4030. 


Spoleto Festival Update 


The Medical University of South Carolina is sponsoring the annual 
Spoleto Festival Update, May 28-30, at the Hawthorne Suites Hotel, 
Charleston, SC. Program director: William M. Simpson, Jr. Category 
1 credit is pending. Fee: physicians, $250; residents, fellows, and 
technologists, $150; MUSC Family Medicine alumni, $225. Informa- 
tion: Dawne Ryals, Ryals and Associates, P. O. Box 1925, Roswell, 
GA 30077-1925; telephone: (404) 461-9773; fax: (404) 552-9859. 


Elections and Awards 


The officers of the Cleveland Radiological Society for the year 
1991-1992 are as follows: president, Peter O'Donovan; president- 
elect, Craig Irish; secretary-treasurer, David Einstein; program chair- 
men, Gary Lammert and James Lieberman; past president, David 
Paushter; and members at large, Wendy Shaw, Robert Desai, and 
William Bishop. 

The American Society of Neuroradiology, at its annual meeting, 
June 9-14, 1991, elected the following officers for 1991-1992: 
president, R. Nick Bryan; first vice president and president-elect, 
David Norman; second vice president, Glenn S. Forbes; secretary, 
Burton P. Drayer; and treasurer, Thomas P. Naidich. 

Linda K. Olson received the 1991 Marie Curie Award from the 
American Association of Women Radiologists at the association's 
annual luncheon Dec. 2, 1991, in Chicago. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 1-2, 1992, and Oct. 14-15, 1993. Oral 
examinations will be held at the Executive West Hotel in Louisville, 
KY, June 1-5, 1992. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Executive 
Director, The American Board of Radiology, 2301 W. Big Beaver Rd., 
Ste. 625, Troy, MI 48084. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Preceptorships in Ultrasound at Johns Hopkins, times arranged, 
Baltimore (June 1991) 

Practicum in Breast Imaging, times arranged, Baltimore (Aug 1991) 
Mammographically Detected Early Breast Cancer, Jan. 6-9, Na- 
ples, FL, and Feb. 10-13, Rancho Mirage, CA (Nov 1991) 
Advanced Seminars in Diagnostic Imaging, Jan. 10-12 and Feb. 
27-March 1, Laguna Niguel, CA, and Feb. 4-7, San Diego (Nov 
1991) 

Imaging, Malpractice, and the Law, Jan. 11, Los Angeles (Dec 
1991) 
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Caribbean Cruise—Breast Imaging and MRI at Sea: breast imag- 
ing, Jan. 11-18; MR imaging, Jan. 18-25 (Sept 1991) 

Updates on Diagnostic Imaging, Jan. 12-16, Palm Beach, CA, and 
Feb. 24-28, Mauna Lani, HI (Nov 1991) 

Uroradiology 1992, Jan 13-17, Scottsdale, AZ (Sept 1991) 

NCRP Robert D. Moseley, Jr., Award, application deadline, Jan. 15 
(Dec 1991) 

OB/GYN and Ultrasound, Jan. 16-19, San Diego (Nov 1991) 
Seminars in MRI, Jan. 18-25, Vail, CO (Nov 1991) 

Thoracic Imaging 1992, Jan. 19-23, Laguna Niguel, CA (Nov 1991) 
Practical Radiology 1992, Jan. 19-24, Whistler, B.C. (Dec 1991) 
Park City 1992: MRI, Jan. 25-29, Park City, UT (Oct 1991) 

Course on Positron Emission Tomography, Jan. 26-29, Dana Point, 
CA (Oct 1991) 

Diagnostic Imaging in Puerto Rico, Jan. 26-31, Cerromar Beach 
Hotel, Puerto Rico (Sept 1991) 

Midwinter Radiological Conference, Jan 31-Feb. 2, Los Angeles 
(Dec 1991) 

Practical Aspects of Diagnostic Radiology and Medical Imaging, 
Feb. 1-7, Snowmass Village, CO (Nov 1991) 

MRI Visiting Fellowships at UCLA, Feb. 3-7, March 9-13, April 6- 
10, Sept. 14-18, Oct. 5-9, and Dec. 7-11, Los Angeles (Sept 1991) 
MRI: Present and Future, Feb. 3-7, Naples, FL (Nov 1991) 
Mid-Pacific Radiological Conference, Feb. 4-8, Waikoloa. HI (Dec 
1991) 

Intermountain Imaging Conference, Feb. 8-15, Steamboat Springs, 
CO (Nov 1991) 

Current Topics in Diagnostic Imaging, Feb. 10-14, Cerromar 
Beach, Puerto Rico (Dec 1991) 

Computed Body Tomography 1992: The Cutting Edge, Feb. 13- 
16, Orlando, FL (Nov 1991) 

Society of Gastrointestinal Radiologists Annual Meeting, Feb. 16- 
21, Orlando, FL (Oct 1991) 

Advanced Clinical Magnetic Resonance Imaging, Feb. 17-21, 
Hawaii (Oct 1991) 

MR Angiography and Imaging of the Head, Spine, and Musculo- 
skeletal System, Feb. 17-21, Tucson (Oct 1991) 

MRI Update: 1992, Feb. 17-22, Maui, HI (Nov 1991) 

Sun Valley Imaging Meeting, Feb. 23-29, Sun Valley, ID (Oct 1991) 
AFIP Neuroradiology Review Course, Feb. 29-March 1, Bethesda 
(Oct 1991) 

Musculoskeletal Imaging, March 2-6, St. Thomas, Virgin Islands 
(Nov 1991) 

Magnetic Resonance Imaging, March 2-6, San Diego (Dec 1991) 
Principles and Practice of Clinical MRI, March 5-8, Orlando, FL 
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(Nov 1991) 

PET and SPECT Imaging of Living Brain Chemistry in Health and 
Disease, March 11-13, Baltimore (Dec 1991) 

Advances in Diagnostic Radiology, March 15-19, Sea Island. GA 
(Dec 1991) 

Practical Pediatric Imaging, March 15-20, Park City, UT (Nov 1991) 
Radiology in Southeast Asia and China, March 18-April 7, Singa- 
pore, Bangkok, Hong Kong, Beijing, Shanghai, and Guilin (Nov 1991) 
Head and Neck Surgery and Imaging, March 22-25, Snowmass 
Village, CO (Dec 1991) 

MRI Workshop in Hawaii 1992, March 22-27, Wailea. Maui (Dec 
1991) 

International Symposium on Recent Advances in Diagnostic Im- 
aging and Radiation Oncology, March 24-27, Kathmandu, Nepal 
(June 1991) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, April 1-2, Washington, DC (Dec 1991) 

AFIP Uroradiology Weekend, April 4-5, Washington, DC (Dec 1991) 
General Radiology Review Course, April 5-10, Santa Monica, CA 
(Dec 1991) 

Residents’ Radiology Review Course, April 19-24, San Diego (Dec 
1991) 

Interventional Radiology, April 25, San Diego (Dec 1991) 
International Symposium on Diagnostic Imaging, May 18-22, Bar- 
celona (Nov 1991) 

Advances in Cardiopulmonary Imaging, June 11-13, Salzburg, 
Austria (Nov 1991) 

European Symposium on Uroradiology, Aug. 24-27, Herlev, Den- 
mark (Aug 1991) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory I credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 103, La Jolla, CA 92037-3218. 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 


Officers 


President: John A. Kirkpatrick, Jr. 

President-elect: A. Everette James, Jr. 

1st Vice-president: Andrew K. Poznanski 

2nd Vice-president: George R. Leopold 

Secretary: Joseph T. Ferrucci, Jr. 

Treasurer: Beverly P. Wood 

Executive Council: R. N. Berk, M. P. Capp, W. J. Casarella, 
N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. E. James, 
Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., G. R. Leopold, J. 
E. Madewell, T. C. McLoud, A. A. Moss, A. K. Poznanski, R. 
J. Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, R. J. Alfidi, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, Melvin M. Figley, 
C. R. B. Merritt, K. Valji, C. A. Rohrmann, Jr., W. J. Casarella, 
chairman 

Education and Research: R. R. Hattery, C. B. Higgins, B. J. 
Hillman, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. K. Gedgaudas-McClees, A. A. Moss, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 
Nominating: R. G. Evens, P. J. Fritzsche, A. A. Moss, chair- 
man 

Publications: E. Buonocore, C. R. B. Merritt, C. A. Rohrmann, 
Jr., W. J. Casarella, chairman 

Membership: J. E. Madewell, T. C. McLoud, A. A. Moss, K. 
H. Vydareny, chairman 


Representatives to Other Organizations 
American Board of Radiology: W. J. Casarella, J. A. Kirk- 
patrick, Jr., L. F. Rogers 


American College of Radiology: R. A. Gagliardi, J. E. 
Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Com- 
mittee 


American National Standards Institute: M. E. Haskin 





National Council on Radiation Protection and Measure- 
ments: F. D. Miraldi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 10-15, 1992, Marriott's World Cen- 
ter, Orlando, FL; April 25-30, 1993, Marriott San Francisco, 
San Franciso, CA 


Annual Meeting Committee: J. K. Crowe, N. R. Dunnick, R. 
R. Lukin, N. H. Messinger, R. J. Stanley, R. D. Steele, Jr., A. 
M. Landry, Jr., chairman 


Instructional Courses: Bruce L. McClennan, associate chair- 
man; R. J. Stanley, chairman 


Scientific Program: P. H. Arger, T. B. Hunter, D. Kushner, T. 
C. McLoud, L. B. Talner, J. H. Thrall, A. E. James, Jr., 
chairman 


Scientific Exhibits: J. R. Haaga, D. S. Hartman, R. G. Ram- 
sey, N. R. Dunnick, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1992 ARRS meeting, send completed 
forms before February 1, 1992, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. In- 
ternational members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8992. 
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Invitation to the 1992 American Roentgen Ray Society 
Meeting in Orlando, FL, May 10-15, 1992 


| am pleased to extend an invitation to all radiologists to 
attend the 92nd annual meeting of the American Roentgen 
Ray Society in Orlando, FL, May 10-15, 1992. In keeping 
with the ARRS tradition, outstanding scientific and social 
programs will be provided. 

The excitement of a meeting set in Orlando, FL in the spring 
requires no further description. The opportunity for busy 
radiologists to attend a major national meeting while enjoying 
all that Orlando has to offer is ideal. 

The scientific program, instructional courses, and categori- 
cal course are certain to be interesting and informative (see 
schedule below). 


Scientific Program 


One hundred eighty-nine scientific papers have been se- 
lected from more than 500 abstracts. Scientific sessions will 
be devoted to all major body systems, angiography, interven- 
tional techniques, sonography, and mammography, as well 
as technologies. Special emphasis has been placed on dis- 
cussion of new developments. 


The topic of the innovative and timely Friday morning 
minisymposium is pediatric radiology. There will be a special 
concurrent session featuring a New Issues Forum. An out- 
Standing faculty has been assembled for what | am sure will 
be a very stimulating program. 


Instructional Courses 


Robert J. Stanley, Chairman, and Bruce McClennan, As- 
sociate Chairman of the Instructional Course Committee, have 
put together 60 instructional courses. Faculty members have 
been drawn from across the country. A superlative educa- 
tional experience is anticipated, and advance registration is 
recommended. 


Categorical Course 


An extraordinary categorical course on neuroradiology has 
been fashioned. The course covers all aspects of the field 
and is certain to be popular. Advance registration is advised. 


Summary of 1992 American Roentgen Ray Society Meeting 


Sunday Monday Tuesday 
May 10 May 11 May 12 
8:00-9:30 8:00-9:30 
Instructional Instructional 
courses courses 
10:00-12:30 10:00-10:30 
Categorical course: Opening ceremonies 
neuroradiology 
10:30-12:30 10:00-12:30 
Scientific programs Scientific programs 
Award paper presen- 
tations 
2:00-3:00 1:30-3:30 1:30-3:30 
Categorical course: Categorical course: Scientific programs 
neuroradiology neuroradiology 
3:30-5:00 4:00-5:30 4:00-5:30 
Categorical course: Instructional Instructional 


neuroradiology 


courses and cate- 
gorical course: 
neuroradiology 


courses and cate- 
gorical course: 
neuroradiology 





Wednesday Thursday Friday 
May 13 May 14 May 15 
8:00-9:30 8:00-9:30 8:00-10:00 
Instructional Instructional Symposium: 
courses courses pediatric radiology 
8:00-11:00 
Symposium: 
New Issues 
Forum 
10:00-12:30 10:00-12:30 10:30-12:30 
Caldwell lecture and Scientific programs Symposium: 


award session 


1:30-3:30 
Scientific programs 


4:00-5:30 
Instructional 
courses and cate- 
gorical course: 
neuroradiology 


1:30-3:30 
Scientific programs 


4:00-5:30 
Instructional 
courses and cate- 
gorical course: 
neuroradiology 


pediatric radiology 
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Scientific Exhibits 


The more than 300 scientific exhibits coordinated by N. 
Reed Dunnick will cover the entire breadth of the field of 
diagnostic radiology. The technical exhibits will be integrated 
among the scientific exhibits to enhance the interaction of the 
attendees with technical exhibitors, a format that has proven 
to be very satisfactory. 


Caldwell Lecture 


William J. Casarella has agreed to present the Caldwell 
Lecture at the 1992 meeting. This promises to be one of the 
highlights of the meeting and is concerned with the status 
and future implications of interventional radiology. 












Forthcoming ARRS Meeting Information 


Details of the American Roentgen Ray Society Meeting in Orlando, FL, May 10-15, 
1992, will appear in the February, March, and April 1992 issues of the AJR. 
Information about the scientific program, instructional programs, and social events 
and hotel and travel forms will be published in the Journal. 

See page 227 of this issue for more information concerning the meeting. 


Social Events 


Orlando, FL, offers an unlimited number of diversions, and 
Abner M. Landry, Jr., Chairman of the Annual Meeting Com- 
mittee, has engaged an Orlando-based tour consultant to 
plan a variety of tours. The annual golf and tennis tournaments 
for attendees and their companions are scheduled for Mon- 
day. The traditional cocktail party given by the society for all 
registrants will be held on Sunday evening and will provide a 
convenient and early meeting place. 

This promises to be a truly outstanding event in exceptional 
surroundings. | hope you will be able to accept our invitation. 
Plan now to attend. 

A. Everette James, Jr. 
President-Elect, ARRS 
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1992 ARRS Meeting Summary, May 10-15, 1992 


Orlando, FL 


A comprehensive description of the meeting, including the instruc- 
tional courses, categorical course, and the Friday symposium, will 
appear in the February issue of the AJR. Meeting and registration 
forms also will be found in the February and March issues. These 
may be photocopied. 


Accreditation 


All courses and scientific sessions carry AMA Category 1 credit on 
an hour-for-hour basis. 


Meeting Format 


Scientific Program. Sessions will be grouped in parallel sessions 
so that registrants may choose topics related to their interests. A 
total of 189 scientific papers will be presented, Monday-Thursday, 
May 11-14. In addition, on Wednesday, May 13, the morning session 
will feature award papers and the Caldwell Lecture, which will be 
delivered by William J. Casarella. On Friday, May 15, there will be a 
special 4-hr symposium on pediatric radiology, with a separate con- 
current session featuring a New Issues Forum. 

Categorical Course on Neuroradiology. This 15.5-hr course will be 
held Sunday-Thursday. 

Luncheon Sessions. Registrants may enroll in special luncheon 
sessions, Monday-Thursday. A box lunch will be provided. 


Exhibits 


Scientific and Technical Exhibits and Case of the Day will be set 
up in one of the ballrooms of Marriott's Orlando World Center, 
Monday-Thursday, May 11-14. The Case of the Day will be pre- 
sented by Richard M. Heller of Vanderbilt University School of 
Medicine. 


Local Activities 


General Reception. Sunday evening, May 10, for all registrants. 

Golf Tournament. Monday, May 11 at a local country club. 

Men's and Women's Tennis Tournaments. Monday, May 11, at a 
local tennis club. 

Local Tours. See February issue of the AJA for a description of the 
activities and registration forms. 


Meeting Registration 


Preregistration will be accepted until April 27. There will be on-site 
registration. Official badges and program books will be available at 
the registration desk, Marriott's Orlando World Center. Confirmations 
will be mailed. 


Course Registration 


Register early—enrollment is limited. List first, second, and third 
choices for each period. Also, indicate whether you wish to take the 
categorical course. Deadline for registration by mail is April 27. All 
ticket orders will be filled according to postmarked date. Course 
tickets will not be mailed. Tickets will be available beginning at 1:00 
p.m. on Saturday, May 9, at the ARRS registration desk in Marriott's 
Orlando World Center. There will be on-site registration for courses 
not already filled. 


Hotel Registration 


Reservations are handled by the ARRS Housing Bureau, Marriott's 
Orlando World Center, Attn: Reservations Office, One World Center 
Dr., Orlando, FL 32821. These must be received by April 11. Make 
check payable to Marriott's Orlando World Center. See reservation 
form in February AJA for prices and complete instructions. 


Fees 

Meeting: 
ARRS members and resident members . No fee 
Nonmembers .. coeds icv aaa. area $250 
Nonmember physicians in training (with verification) 25 
Categorical course ............... eer: To 
Luncheon sessions/each............... 19 

Foii O 554 NE E Sabra wae lela 20-75 


Cancellations and Fee Refunds (Excluding Hotel Fees) 


Fees will be refunded only if request is received in writing by April 
27, 1992. Send to American Roentgen Ray Society, 1891 Preston 
White Drive, Reston, VA 22091. 


Transportation Discounts 


Both United and Delta Airlines are offering discounts on airfares to 
Orlando. Additional information on these discounts and car rental 
information will be printed in the February issue of the AJA. 
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Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of X-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 


The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 

The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 

The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 
Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shall actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 


2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 

3. Application fee is $50 (payable when billed for dues). 

4. Annual dues are $150, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 


election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 


3. In-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. In the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
Status. 


4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


International Membership 


An international member must meet the qualifications of active membership, but reside and practice in a foreign country. International members 
shall pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 


1. Do not remit application fee or dues until requested. 

2. Send completed forms to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


For ARRS 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Rec'd —__ APPLICATION FOR MEMBERSHIP 


|.D.# 








Eee oer ea ee a eS Category of Membership: O Active 
(Check One) O International 
O In-Training 
Name (Please Print) ——~—~~~~~~~ S Degree(s) 
First Initial Last 
Mailing Address a ee a ee ee E N |, ee 
Street/Box 
ee a ee ee OG ) 
City/State/Country Zip Code 


A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate: 


Graduate (Medical School, Graduate School, etc.): 


Postgraduate (Internship, Residency, Fellowship, etc.): 


B. Licensure: 


ec eR. ¢: i |, ae since 
(Type) (State, Province, etc.) 


C. Appointments/Memberships: (In-Training applicants: skip to Section F on reverse.) 


Present Appointments: Academic 
Hospitals 

Memberships in Scientific Societies: 

Offices or Committee Assignments: 


Government Service (Military or Civilian) 
(Position) (Years) 





Continued on Reverse Side 


L aaalllt 


D. Credentials: (To be completed by Active and International applicants only.) 


| hereby certify that | was issued a certificate of qualification in | 
(Specialty) 


NEY sare ence: Ae 
(Year) 


Other Credentials: 


(Name of Qualifying Board) 


Signature: 





E. References: (To be completed by Active and International applicants only.) 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with the 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 





Namo (ad cee ft | are 2. 
Address 
Signatures: 
F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 


Credentials: 
| certify that | am serving as a Resident/Fellow in 
(Specialty) 


at . Date program began (begins): 
(Name of Institution) 


date program to end: . |l understand that in-training membership is limited to a 


maximum of 5 years. 


Applicant Signature: 


Verification: (Program Director or Department Chairman only) 


| certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-training 
of the American Roentgen Ray Society. 


Name (Please Print) 


Address: 


Signature 





Send completed form to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


_ Classified Advertisements 


Positions Available 


SEATTLE AREA associate desired for 4 ACR- 
accredited breast centers. General ultrasound (heavy 
OB-GYN). Position leads to partnership. Fellowship 
or extensive experience in mammography and/or 
ultrasound desirable. Superb opportunity for ambi- 
tious, board-certified radiologist. Contact Irwin 
Schiller, D.O., or Colin J. Wells, M.D., Breast Diag- 
nostic Centers, 411 Strander Blvd., #303, Seattle, 
WA 98040; (206) 575-9123. 1-3ap 


LOUISIANA STATE UNIVERSITY SCHOOL OF 
MEDICINE IN NEW ORLEANS is seeking a candi- 
date for Chairman of the Dept. of Radiology. Charity 
Hospital is the primary teaching hospital for LSUMC. 
The dept. performs 180,000 exams/yr and employs 
55 technologists. The residency program has 20 
residents. Children’s Hospital and the New Orleans 
Veterans Administration Hospital are affiliated teach- 
ing institutions. The successful candidate must 
have strong academic abilities and be interested in 
teaching, research, and Clinical activities. Recent 
changes in the support of this dept., coupled with 
proposed changes in the administration of the Loui- 
Siana Health Care system, make this an exciting 
opportunity for an energetic individual. Please sub- 
mit CV to J. Patrick O'Leary, M.D., Chairman, Dept. 
of Surgery, LSUMC, 1542 Tulane Ave., New Or- 
leans, LA 70112. LSUMC is an EEO/AA employer. 
la 


VASCULAR/INTERVENTIONAL RADIOLOGIST, 
LONGISLAND, NY—Board-certified radiologist with 
fellowship training or equivalent experience in vas- 
cular/interventional radiology needed to join a 5- 
member group starting July 1992. Angio suite 
currently being upgraded to latest state-of-the-art 
equipment. Must be willing to do most aspects of 
diagnostic radiology. This well-established practice 
includes a 325-bed community hospital, a private 
diagnostic radiology office, and a 1-yr-old MRI facil- 
ity. Generous salary leading to full partnership. 
Contact Ira Langer, M.D., 250 Hospital Rd., 
Patchogue, NY 11722; (516) 475-1030. 1a 


A40-PHYSICIAN MULTISPECIALTY CLINIC, serv- 
ing central and western Kansas, seeks a second 
board-eligible/certified radiologist. Excellent facili- 
ties include diagnostic x-ray, CT scan, diagnostic 
ultrasound, nuclear medicine, and MR services. 
Very competitive salary and benefits. No night or 
weekend call. An excellent opportunity in a dynamic 
practice setting. Please send CV to Administrator, 
Hutchinson Clinic, 2101 N. Waldron, Hutchinson, 
KS 67502; or call collect (316) 669-2626. Position 
open immediately. 1-2ap 


DALLAS, TX—A 12-member, subspecialty group 
seeks a board-certified, general radiologist for an 
immediate opening. Fellowship training preferred, 
but will consider qualified individual with special 
expertise. CT/ultrasound, MRI, nuclear medicine, or 
angiography background particularly helpful. All 
imaging modalities available (state-of-the-art CT, 
angio, ultrasound, R&F, SPECT, nuclear medicine, 
and MRI center). Salary and bonuses are excellent. 
Health and malpractice paid. No buy-in to partner- 
ship. Send CV to H. Stuart Peake, M.D., P. O. Box 
814129, Dallas, TX 75381; (214) 888-7055. 11—4ap 


ALASKA AREA NATIVE HEALTH SERVICE— 
Public-service-oriented radiologists needed for cross- 
cultural health care in Anchorage and Sitka, AK. 
Salary $85-$95K+, excellent benefits. Medical school 
loan repayment up to $25K/yr additional. Contact 
Ken Bartline, RN. (907) 257-1457, collect. Indian 
Health Service. An equal opportunity employer. 8- 
la 


A BOARD-CERTIFIED/ELIGIBLE RADIOLOGIST 
is needed for a junior staff position at Massachusetts 
General, Boston, MA, in the Interventional 
Neuroradiology/Neuroradiology Section of the Ra- 
diology Dept. The candidate should have experi- 
ence with embolization devices and materials, such 
as detachable and nondetachable latex and silicone 
balloons, N-Butyl-2-Cyano-Acrylate liquid polymer- 
izing agent, Polyvinyl-Alcohol particles, and Gelfoam 
material. The candidate should also be familiar with 
all aspects of cerebral, spinal, head and neck 
angiography, therapeutic endovascular approach, 
as well as thrombolytic drugs and angioplasty de- 
vices for symptomatic cerebral vasospasm. Experi- 
ence in research on endovascular therapeutic de- 
vices is essential since it will be carried out both in 
vitro and in vivo on animal models as an important 
part of the candidate’s work. Collaboration with 
neurosurgical and neurological services will be ex- 
pected as the candidate will have to be involved in 
neurosurgical and neurological emergencies such 
as subarachnoid hemorrhage after aneurysm rup- 
ture or arteriovenous malformation hemorrhage, 
traumatic or tumoral acute supraaortic vessel inju- 
ries, cerebral vasospasm, and acute cerebral vessel 
occlusion. Minimal requirements include a doctoral 
degree in medicine and completion of both a radiol- 
ogy residency and an interventional neuroradiology/ 
neuroradiology fellowship. A permanent Massa- 
chusetts medical license is required. Send CV and 
letter of inquiry to John Pile-Spellman, M.D., 
Neuroradiology Division of the Dept. of Radiology, 
Massachusetts General Hospital, Fruit St., Boston, 
MA 02114. An equal opportunity employer. tap 


CALIFORNIA SIERRA NEVADA FOOTHILLS— 
General radiology position with emphasis on imag- 
ing. Progressive radiology group looking for fourth 
BC/BE partner with MRI training. 124-bed, commu- 
nity hospital and private office practice. All imaging 
modalities, including nuclear medicine, ultrasound, 
CT, mammography, and some angiography and 
interventional. Growing northern California commu- 
nity. Send CV to Box A10, AJR (see address this 
section). 1-3ap 


IMMEDIATE OPENING IN THE SEATTLE AREA— 
Diagnostic radiologist seeks BC/BE associate to join 
private conventional radiology outpatient practice. 
Early buy-in possible. Modern equipment in com- 
fortable, established surroundings. Good referring 
physician base. Call (206) 283-8144 for further 
information. 1-2a 


THE RADIOLOGY DEPT. AT THE CHILDREN’S 
HOSPITAL OF PHILADELPHIA is seeking a full- 
time, board-certified, pediatric radiologist to begin 
July 1, 1992. The successful candidate will have 
completed a pediatric radiology fellowship and have 
2 or more yr of experience in pediatric sectional 
imaging, including MRI. Please contact Kenneth E. 
Fellows, M.D., Radiologist-in-Chief, The Children's 
Hospital of Philadelphia, 34th St. and Civic Center 
Blvd., Philadelphia, PA 19104. The Children’s Hos- 
pital of Philadelphia and University of Pennsylvania 
are equal opportunity/ affirmative action employers. 
1—3a 


ABDOMINAL RADIOLOGIST—The Harvard Medi- 
cal School, Brigham and Women's Hospital, has a 
full-time faculty position for an academically-inclined 
abdominal radiologist. Outstanding hospital setting, 
equipment, case mix, and research facilities make 
this an unusually exciting opportunity. Please con- 
tact Steven E. Seltzer, M.D., Co-Director, Abdomi- 
nal Imaging, Brigham and Women's Hospital, 75 
Francis St., Boston, MA 02115; (617) 732-6301. 
Harvard Medical School, Brigham and Women's 
Hospital is an affirmative action/equal opportunity 
educator and employer. 1—6a 


NORTHERN CALIFORNIA—Seeking a radiologist 
who desires a semiretirement type of practice in 
central northern California in a geographic location 
equidistant from the San Francisco Bay area, Carmel- 
Monterey Peninsula, and Yosemite and Sierra ski 
areas. Full-time radiologist wishes to share practice 
and provide equal, bountiful time-off periods for 
travel, leisure, and relaxation. Call (209) 667-0216 
after 6:00 p.m. (PST). 1—4ap 


DIRECTOR, DIAGNOSTIC ULTRASOUND DIVI- 
SION—The Dept. of Radiology at Columbia-Pres- 
byterian Medical Center in New York is searching for 
a director of our ultrasound division. This division 
performs most of the diagnostic ultrasound and 
ultrasound-guided biopsy procedures for a hospital 
complex of over 1200 beds, is well-equipped with 
modern instruments, and is organized to permit 
close correlation with, and active participation in, 
other types of cross-sectional imaging within the 
dept. Responsibilities include patient care, supervi- 
sion of residents and fellows, medical student teach- 
ing, and development of an active research pro- 
gram. New York state medical license required; 
narcotics license desirable. Salary and academic 
rank will be commensurate with qualifications and 
experience. Please direct inquiries to Philip O. 
Alderson, M.D., Professor and Chairman, Dept. of 
Radiology, Columbia-Presbyterian Medical Center, 
177 Fort Washington Ave., New York, NY 10032. 
Columbia University is an affirmative action/equal 
opportunity employer. 1a 


ACADEMIC ABDOMINAL IMAGING POSITION— 
The Dept. of Radiology at Columbia-Presbyterian 
Medical Center is searching for a radiologist to join 
our abdominal imaging division. This division is 
responsible for abdominal and pelvic CT, ultrasound 
and MRI, and genitourinary and gastrointestinal 
radiographic and fluoroscopic procedures. Inte- 
grated imaging is stressed. The dept. is well-equipped 
with GE 9800 scanners, Acuson ultrasound devices, 
and GE MRI units. The position involves perfor- 
mance of clinical abdominal and pelvic imaging, 
active participation in resident and fellowship educa- 
tion, and participation in clinical and/or basic re- 
search. Apportionment of time among clinical and 
modality subspecialties within the division is flexible 
and can reflect the applicant's particular expertise 
and interest. New York state medical license re- 
quired; narcotics license desirable. Salary and 
academic rank will be commensurate with qualifica- 
tions and experience. Please direct inquiries to 
Jeffrey H. Newhouse, M.D., Dept. of Radiology, 
Milstein Bldg., 2-125, 177 Fort Washington Ave., 
New York, NY 10032. Columbia University is an 
affirmative action/equal opportunity employer. 1a 


COME TO CALIFORNIA WITH A LICENSE FROM 
ANY STATE—Loma Linda VA Hospital has posi- 
tions available for a board-certified/eligible 
neuroradiologist and a general diagnostic radiolo- 
gist. A current license from any state is acceptable. 
Loma Linda is located 70 mi. east of Los Angeles 
near beaches, mountain ski resorts, and southland 
theme parks. This is a 500-bed, full-service hospital 
with a comprehensive diagnostic facility including 
ultrasound, CT, and MRI integrated with Loma Linda 
University Medical Center Residency Training Pro- 
gram. Opportunities to pursue clinical or academic 
interests. For additional information contact Peter 
Dure-Smith, M.D., Chief, Radiology (114), Jerry L. 
Pettis Memorial Veterans Hospital, 11201 Benton 
St., Loma Linda, CA 92357; (714) 422-3069: telefax 
(714) 422-3106. Equal opportunity employer. 1—3a 
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DIAGNOSTIC RADIOLOGIST with skills in CT, MR, 
interventional, ultrasound, and nuclear medicine 
needed to join group of 17 board-certified radiolo- 
gists. Practice is located in southwestern Ohio and 
provides services at two 500-bed hospitals, an im- 
aging center, and a private office. Excellent salary, 
vacation, and benefits leading to early partnership. 
Send inquiries with CV to Michael R. Carroll, M.D., 
Medical Radiologists, Inc., 111 W. First St., Ste. 918, 
Dayton, OH 45402. 1xa 


THE DEPT. OF RADIOLOGY AT BROOKE ARMY 
MEDICAL CENTER, SAN ANTONIO, TX, is recruit- 
ing academic radiologists for several divisions of the 
dept., including ultrasound, chest, skeletal, 
neuroradiology, general diagnostic, interventional 
radiology, and mammography. Our dept. offers a 
fully accredited residency program with 24 residents 
and 16 attending full-time staff. Numerous consult- 
ants from across the country lecture on a continuing 
and regular basis. The hospital is a modern, tertiary- 
care center serving Texas, Oklahoma, and Louisi- 
ana. Astrong residency program, interesting patient 
population, excellent equipment, teleradiology and 
digital radiology implementations underway, coupled 
with a south Texas lifestyle are positive aspects of 
the practice. Academic credentials and/or experi- 
ence are necessary. Recently graduated fellows 
are encouraged to apply. Board certification is 
mandatory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. Salary 
and benefits are competitive and generous. Brooke 
is an EO/EEO employer. Please contact Dr. Billy E. 
Cunningham, COL, MC, Assistant Chief, Dept. of 
Radiology, Brooke Army Medical Center, Fort Sam 
Houston, TX 78234-6200; (512) 221-8418/8218. 8- 
7a 


CHEST RADIOLOGIST, THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—The Dept. of Radiology 
at Jefferson has an opening for a thoracic radiologist 
at either the junior or senior level. The position 
encompasses plain film radiography, CT, and per- 
cutaneous thoracic interventions. Involvement in 
mammography, other general diagnostic areas, and 
ultrasound can also be incorporated, depending on 
the interests of the candidate. Dedicated, nonclinical 
research time is provided, and the dept. has excel- 
lent research facilities and support. Our chest radi- 
ology practice is expanding rapidly and close work- 
ing relationships are maintained with pulmonary 
medicine and thoracic surgery. Teaching is also 
emphasized, with a large residency program and a 
thoracic radiology fellowship. Excellent faculty in- 
come and benefits. This is a fine opportunity for a 
radiologist with academic interests to join a dynamic 
and rapidly growing dept. Interested candidates 
should contact David C. Levin, M.D., Chairman, 
Dept. of Radiology, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107; (215) 955-7264. 
Jefferson is an equal opportunity/affirmative action 
employer. 1xa 


OREGON—Opportunity for BC/BE radiologist to 
join 7 BC radiologists in growing practice in the 
Portland metropolitan area. Training/expertise in all 
aspects of radiology including MRI is required. The 
practice includes 2 suburban hospitals, an outpa- 
tient clinic, and anew multimodality outpatient imag- 
ing clinic. Competitive compensation with generous 
fringe package and partnership in 2 yr. Send letter 
and CV to Jon C. Sewell, M.D., P. O. Box 227, 
Oregon City, OR 97045; (503) 655-1439. 1xa 


IMMEDIATE OPENING IN PALM SPRINGS, CA— 
Radiologist with mammography expertise/special- 
ization needed to join 10-person group incommunity 
hospital/office practice. Contact Marvin J. 
Friedenberg, M.D., Dept. of Radiology, Desert Hos- 
pital, 1150 N. Indian, Palm Springs, CA 92262. 1xa 


CLASSIFIED ADVERTISEMENTS 


IMMEDIATE OPENING FOR BC/BE GENERAL 
RADIOLOGIST with experience in interventional 
and vascular radiology. Join a group of 4 radiolo- 
gists in a 160-bed hospital located in Allentown, PA, 
about 60 mi. northwest of Philadelphia. The daily 
practice includes all aspects of general radiology, 
CT, ultrasound, and nuclear medicine. Please call 
or send CV to Asad Shohadai, M.D., Allentown 
Osteopathic Medical Center, 1736 Hamilton St., 
Allentown, PA 18104; (215) 770-8700. 1xa 


THE RADIOLOGY DEPT. AT DWIGHT DAVID 
EISENHOWER ARMY MEDICAL CENTER is re- 
cruiting academic radiologists. The dept. provides a 
full range of services including angiography, ultra- 
sound, CT (with anew GE 9800 Advantage system), 
and MRI (with a new 1.5-T GE Signa system). 
Development is underway for the installation of a 
digital teleradiology link to area medical facilities. 
The dept. is also beginning a radiology residency 
program in affiliation with the program at the Medical 
College of Georgia in Augusta. With this growth, the 
dept. has generated a need for several academic 
diagnostic radiologists. Board-certified diagnostic 
radiologists with academic credentials and/or expe- 
rience are urged to apply. Fellowship training is 
desired, especially in interventional radiology and/or 
angiography, however candidates at all levels will be 
considered. Candidates should be particularly inter- 
ested in patient care, teaching, and research. The 
medical center is located on Fort Gordon, GA, adja- 
cent to Augusta, and is the tertiary-care hospital 
supporting 9 Army community hospitals of the south- 
eastern region and Puerto Rico. The hospital sup- 
ports fully accredited residency programs in family 
practice, general surgery, medicine, orthopedics, 
pathology, and psychiatry. Salary and benefits are 
competitive and generous. The medical center is an 
EO/EEO employer. Please contact Dr. Thomas M. 
Ralston, LtC., Chief, Radiology Dept., Eisenhower 
Army Medical Center, Fort Gordon, GA; (404) 791- 
6245. 8-7a 


FACULTY RADIOLOGIST, BODY MRI DIVISION, 
THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—The Dept. of Radiology at Thomas Jefferson 
University Hospital has an opening for a radiologist 
in an active, body MRI section that encompasses a 
Clinical mix of approximately 50% musculoskeletal 
and 50% chest/abdomen/pelvis cases. Equipment 
includes 4 1.5-T GE Signa systems with state-of- 
the-art and advanced prototype hardware and soft- 
ware. A full-yr body MRI fellowship and/or 1 yr of 
academic MRI experience is preferred. Clinical 
cross coverage in ultrasound and/or general radiol- 
ogy also can be incorporated depending on the 
interests and qualifications of the candidate. Dedi- 
cated, nonclinical research time is provided, and the 
dept. has excellent research facilities and support, 
including 2 MRI physicists, a radiology animal facil- 
ity, radiology research funding, and a team of re- 
search assistants. Excellent faculty incomes and 
benefits are offered within a financially secure dept. 
and university hospital. This is a unique opportunity 
for an academically oriented MRI radiologist to join 
a dynamic and rapidly growing dept. Interested 
candidates should contact Donald G. Mitchell, M.D., 
Director of MRI, Dept. of Radiology, 1032 Main 
Bldg., Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107; (215) 955-4809. Jefferson is an 
equal opportunity/affirmative action employer, 1xa 


IMMEDIATE OPENING FOR BE/BC RADIOLO- 
GIST in a regional hospital with a patient base of 
25,000 located in a scenic western Wyoming com- 
munity. Great outdoor recreation area. Competitive 
reimbursement. Ultrasound/CT/ general radiology. 
Interested persons contact Paul Sonntag, M.D., 
P. O. Box 629, Ogden, UT 84402; (801) 625-2092. 
8—lap 
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SAN FRANCISCO BAY AREA, DIAGNOSTIC 
RADIOLOGY—Full-time position available as of 
July 1992 for BC/BE radiologist to join established 
group based in growing SF Bay area communities. 
Competence in all modalities including MRI and 
angiography required; fellowship training desirable. 
Contact J. Fish, M.D., c/o Walnut Creek Radiology, 
1844 San Miguel Dr., #302, Walnut Creek, CA 
94596; (510) 947-0560. 11-1xa 


ISRAEL, DIAGNOSTIC RADIOLOG Y—Opportuni- 
ties for 3-4 wk or longer working vacations in a 
number of Israeli medical centers, on a volunteer 
basis. Positions varied, arrangements flexible. For 
information contact Jonathan H. Fish, M.D., 1844 
San Miguel Dr., #302, Walnut Creek, CA 94596; 
(510) 947-0560. 11-1xa 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept., including ultrasound, chest radiology, skel- 
etal, neuroradiology, general diagnostic radiology, 
MRI, interventional radiology, and mammography. 
Our dept. offers a fully accredited residency pro- 
gram with 21 residents and 16 attending full-time 
staff. Numerous consultants from across the coun- 
try lecture on a continuing and regular basis. The 
hospital is a modern, tertiary-care center serving 
Hawaii and the entire Pacific Basin. A strong resi- 
dency program, diverse and interesting patient popu- 
lation, excellent equipment, and tropical lifestyle are 
positive aspects of the practice. Academic creden- 
tials and/or experience are necessary. Recently 
graduated fellows are encouraged to apply. Board 
certification is mandatory. Candidates should be 
particularly interested in patient care, teaching, and 
research. Salary and benefits are competitive and 
generous. Tripler is an EO/EEO employer. Please 
contact Dr. Mark F. Hansen, Col, MC, Chief, Dept. of 
Radiology, TAMC, HI 96859-5000; (808) 433-6393. 
7-6a 


IMMEDIATE OPENING IN PALM SPRINGS, CA— 
Radiologist with MRI expertise/ specialization needed 
to join 10-person group in community hospital/office 
practice. Contact Marvin J. Friedenberg, M.D., 
Dept. of Radiology, Desert Hospital, 1150 N. Indian, 
Palm Springs, CA 92262. 1xa 


NORTHERN CALIFORNIA—The Permanente 
Medical Group, Inc., is seeking a BC radiologist with 
multimodality interests and fellowship training in MR 
to join a 12-person group serving a 337-bed, acute- 
care hospital and 2 outpatient clinics. Teaching 
opportunities are available with residents of 
subspecialty services on rotation from Stanford 
University Hospital, as well as our own medical 
residents. We have sited a GE 1.5-T MRI system. 
Competitive salary and excellent benefits. Please 
send inquiries and CV to Bruce Baker, M.D., Chief, 
Dept. of Radiology, Kaiser Permanente Medical 
Center, 900 Kiely Blvd., Santa Clara, CA 95051; 
(408) 236-4444. EOE. 12-2a 


BC DIAGNOSTIC RADIOLOGIST—Affiuent prac- 
tice. Excellent salary, benefits, and early partner- 
ship. Investigate now before socialized medicine 
becomes a reality! Practice at a 395-bed hospital, 
the second largest in the beautiful state of Delaware, 
centrally located on the east coast. This is a rapidly 
expanding, high-powered group practice. 
Subspecialty training in interventional, imaging. or 
neuro desired. Open to F-M with 1-2 yr of postgrad 
experience. Send resume to or contact Ben Hol- 
lander, M.D., Dept. of Radiology, St. Francis Hospi- 
tal, 7th and Clayton Sts., Wilmington, DE 19805: 
(302) 421-4300. 9-2ap 
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THE DEPT. OF RADIOLOGY AT WALTER REED 
ARMY MEDICAL CENTER is recruiting academic 
radiologists. We need board-certified radiologists to 
work in this famous and modern health-care center. 
Our dept. has a residency program consisting of 24 
residents and several fellows. Subspecialists are 
needed in ultrasound, chest, mammography, geni- 
tourinary, gastrointestinal, pediatric, CT, MRI, and 
interventional radiology, as well as general radiol- 
ogy. Excellent opportunity to live in the nation’s 
Capital and also become an integral part of a large 
teaching program. Salaries are competitive and 
generous. Highly motivated applicants should con- 
tact Col. Mark F. Hansen, Radiology Consultant to 
the Army Surgeon General, Dept. of Radiology, 
TAMC, HI 96859-5000; (808) 433-6393. 8-7a 


DIAGNOSTIC RADIOLOGIST with skills in CT, MR, 
interventional, ultrasound, and nuclear medicine 
needed to join group of 8 board-certified radiolo- 
gists. Growing practice in eastern Washington at a 
228-bed hospital, a new multimodality imaging cen- 
ter, and 2 private offices. Potential for long-term 
practice is excellent. Top-notch school system, 
including 3 first-rate universities. Excellent hunting, 
fishing, boating, and skiing. Contact L. E. Crecelius, 
M.D., N. 5901 Lidgerwood, Ste. 18B, Spokane, WA 
99207; (509) 482-2385. 1xa 


VASCULAR RADIOLOGIST (ANGIOGRAPHER)— 
The University of California, Davis, School of Medi- 
cine has a full-time faculty position available in the 
Diagnostic Division of the Dept. of Radiology. Ap- 
pointment will be at the assistant or associate level. 
Candidates must be board-certified in diagnostic 
radiology, eligible for licensure in California, and 
have an academic and clinical background in vascu- 
lar radiology. Please forward a CV, a letter outlining 
background and interests in teaching/research, and 
the names and addresses of 5 references to Richard 
W. Katzberg, M.D., Professor and Chair, Dept. of 
Radiology, University of California, Davis, 2516 
Stockton Blvd., TICON II, Sacramento, CA 95817. 
This position will be open until filled, but not later than 
Feb. 28, 1992. The University of California is an 
equal opportunity/affirmative action employer and 
encourages applications from members of minority 
groups and women. 1a 


THE DIVISION OF NUCLEAR MEDICINE—Oregon 
Health Sciences University, Portland, Oregon, in- 
vites applications for a faculty position available 
immediately either part-time in nuclear medicine or 
full-time divided between nuclear medicine and an- 
other division of diagnostic radiology. Position re- 
quires that the radiologist be certified by either the 
American Board of Radiology (special competence 
in nuclear radiology) and/or the American Board of 
Nuclear Medicine. Send CV and references to 
William Weidner, M.D., Chairman, Diagnostic Radi- 
ology, UHN-72, Oregon Health Sciences University, 
Portland, OR 97201-3098. OHSU is an affirmative 
action equal opportunity employer. 1-4a 


STAFF RADIOLOGIST—Samuel S. Stratton Dept. 
of Veterans Affairs Medical Center, Albany, NY, is 
seeking a board-certified/eligible, full-time staff radi- 
ologist. The SVAMC is a 514-bed, general medical 
and surgical hospital affiliated with Albany Medical 
College. Albany, the capital of New York, is located 
upstate and is only a 3-hr drive to New York City, 
Boston, and Montreal. New equipment located 
within the service includes anew Siemens Angiostar 
digital angiography suite, Philips 0.5-T supercon- 
ductive MRI unit, upgraded Picker 1200 CT scanner, 
and Acuson color Doppler. Experience in MRI and/ 
or angiography preferred. Interested radiologists 
please send CV toA. Fermin, M.D., Chief, Radiology 
Service (114), Stratton VA Medical Center, 113 
Holland AVè., Albany, NY 12208. EOE. 1a 


CLASSIFIED ADVERTISEMENTS 


CHEST/BREAST IMAGING RADIOLOGIST—The 
Dept. of Radiology of the University of Miami School 
of Medicine is seeking an academic radiologist with 
subspecialty training or equivalent experience and 
interest in all aspects of chest imaging including CT, 
MR, ultrasound, andinterventional procedures. Simi- 
lar expertise in breast imaging including 
mammography, ultrasound, and needle localization 
required. The University of Miami/ Jackson Memo- 
rial Medical Center is a tertiary-referral and level | 
trauma center that will soon be opening a state-of- 
the-art breast center. Extensive teaching is involved 
and an interest in clinical research is assumed. 
Board-certification and eligibility for, or licensure by 
the state of Florida is required. Academic rank and 
compensation commensurate with qualifications. 
Interested parties should forward CV to C. A. Poole, 
M.D., Professor and Chairman, Dept. of Radiology 
(R-308), P. O. Box 016960, Miami, FL 33101. The 
University of Miami is an equal opportunity/ affirma- 
tive action employer. 1xa 


TRAUMA RADIOLOGISTS—The Dept. of Radiol- 
ogy of the University of Miami School of Medicine is 
recruiting for trauma radiologists to staff a new, 
State-of-the-art trauma center opening in the spring 
of 1992. The unit will be a self-contained facility 
within the Jackson Memorial Medical Center, a 
1500-bed tertiary facility, and level | trauma center. 
Candidates must be board-certified with fellowship 
training and/or experience in the management of the 
trauma patient, including the use of radiography, 
ultrasound, CT, angiography, and interventional pro- 
cedures. Skill in teaching, interest in clinical re- 
search, and licensure to practice medicine in the 
state of Florida required. Academic rank and com- 
pensation commensurate with qualifications. Appli- 
cants should send CV to C. A. Poole, M.D., Profes- 
sor and Chairman, Dept. of Radiology (R-308), 
University of Miami School of Medicine, P. O. Box 
016960, Miami, FL 33101. The University of Miami 
is an equal opportunity/affirmative action employer. 
1xa 


CENTRAL MAINE, PART-TIME—General radiolo- 
gist wanted to supplement dynamic, congenial, 5- 
person group in new hospital dept. Work 30 wk, no 
weekends. Live in 4-season recreation area close to 
coast and mountains with time to enjoy them. Com- 
petitive salary and benefits. Contact Peter Rutherford 
(207) 786-3571. 1-3ap 


IMMEDIATE OPENING FOR BC/BE DIAGNOSTIC 
RADIOLOGIST, for night call and weekend work, to 
join a 2-member P.C. in a 220-bed community 
hospital, Birmingham, AL, area. Home video telem- 
etry provided with few night calls. Ultrasound, CT, 
nuclear medicine, rare angiogram or interventional 
procedure, and general diagnostic radiology. No 
MRI. Negotiable, competitive salary with excellent 
benefits, insurance, and retirement plan. Full part- 
nership potential. Contact Charles Baker, M.D., 
2650 Altadena Rd., Birmingham, AL 35243; (205) 
481-7193. 1—4ap 


NUCLEAR RADIOLOGIST—|mmediate opening for 
Director of Nuclear Medicine in large, private hospi- 
tal in Charlotte, NC. A 12-person, subspecialty 
oriented, radiology group seeks fellowship-trained, 
ABR- and ABNM-certified colleague to practice 
nuclear medicine and some general radiology. Re- 
ply to Henry T. Adkins, P. O. Box 221249, Charlotte, 
NC 28222. 1ap 


NEURORADIOLOGIST—Senior ASNR member 
needed for excellent hospital and imaging center 
position in Tucson, AZ. Early partnership opportu- 
nity. Send CV to Arizona State Radiology, 7250 E. 
Ventana Canyon Dr., Tucson, AZ 85715. 8—7ap 
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PEDIATRIC RADIOLOGY POSITION—The Dept. 
of Radiology, Children’s Medical Center and The 
University of Texas Southwestern Medical Center, 
is seeking a fellowship-trained, pediatric radiologist 
for entry at an associate or assistant professor level. 
Applicants should be interested in expanding their 
areas of expertise and interest into high-tech imag- 
ing modalities. Children’s Medical Center is a 263- 
bed, tertiary-referral hospital for Texas and the re- 
gional states. Last yr the hospital had 7700 admis- 
sions and over 112,000 outpatient visits. The hos- 
pital has a busy transplant service including heart, 
liver, and kidney with referrals from across the 
United States and South America. There is an active 
neurosurgical service that had over 44 children with 
primary brain tumors referred in over the past yr in 
addition to a large practice of children with congeni- 
tal anomalies. The hematology-oncology team has 
7 full-time physicians and a 5-day-a-wk clinic. The 
cardiology-cardiothoracic surgery service sees a 
wide range of complex congenital heart disease. 
The hospital has a busy pediatric surgery service in 
addition to general and subspecialty pediatric ser- 
vices staffed by private and university-affiliated pe- 
diatricians. The radiology dept. has state-of-the-art 
equipment including a Philips 0.5-T MRI which has 
MRA, cardiac, and 3D functions with a dedicated 3D 
work station; a Philips LX CT; Diasonics and Acuson 
duplex color ultrasound; a dedicated angio- 
interventional suite; digital fluoroscopy; and will soon 
acquire updated nuclear medicine equipment. The 
dept. of radiology performs over 49,000 exams 
annually including 2500 MR, nearly 4000 CT stud- 
ies, over 250 interventional procedures, 3100 ultra- 
sound, and 2200 fluoroscopic exams. Staff radiolo- 
gists also cover the NNICU at Parkland Memorial 
Hospital, 1 of the largest NNICUs in the U.S. There 
are 3 radiology residents and 3-4 pediatric radiology 
fellows. Children’s Medical Center is an exciting 
innovative hospital that enjoys a supportive, pro- 
gressive administration and affiliation with The Uni- 
versity of Texas Southwestern Medica! School, 1 of 
the country's leading medical schools. Duties in- 
clude clinical responsibilities in performing and inter- 
preting pediatric radiology procedures, sharing resi- 
dent and medical student teaching responsibilities, 
and participating in ongoing research projects. Sal- 
ary and benefits are among the best offered. Flex- 
ible work schedules are available for parents with 
domestic demands. Direct letters of inquiry to Nancy 
Rollins, M.D., Director of Radiology, Children’s Medi- 
cal Center, 1935 Motor St., Dallas, TX 75235; (214) 
902-2305. The University of Texas Southwestern 
Medical Center is an equal opportunity/affirmative 
action employer. 1—4a 


BC/BE RADIOLOGIST to join established imaging 
dept. in relaxed but stimulating environment. Hospi- 
tal-based, fee-for-service, diversified practice, in- 
cludes all modalities. Progressive medical environ- 
ment with well-trained, congenial medical staff. Ideal 
situation for radiologist seeking professional satis- 
faction and relaxed, family-oriented lifestyle. Univer- 
sity community with unsurpassed beauty and yr- 
round recreational opportunities. Direct inquiries to 
Linda Deidrick, CJ Harris Community Hospital, 59 
Hospital Rd., Sylva, NC 28779; (704) 586-7384, fax 
(704) 586-7467. 1-2a 


UNIVERSITY OF CHICAGO, PEDIATRIC RADI- 
OLOGIST—The University of Chicago is seeking a 
pediatric radiologist for an academic position. 
Workload approximately 30,000 exams/yr. Clinical 
facilities include fluoroscopy, ultrasound, CT, and 
MRI. Candidate should be a member of the Society 
of Pediatric Radiology. Interested applicants should 
call or forward their CVs to Dr. Martin J. Lipton, 
Chairman, Dept. of Radiology—Box 429, 5841 S. 
Maryland Ave., Chicago, IL 60637; (312) 702-6024. 
fax (312) 702-1161. Affirmative action/equal oppor- 
tunity employer. 11—1ap 
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NUCLEAR RADIOLOGY DIVISIONAL CHIEF, 
PITTSBURGH, PA—A 14-member private practice 
group in a 523-bed, teaching hospital seeks ABNM/ 
nuclear medicine special competence, board-certi- 
fied radiologist to head division of nuclear medicine. 
Dept. performs 156,000 studies/yr, including 6575 
nuclear medicine studies with strong emphasis on 
cardiac imaging. Requirements include 5 yr of 
nuclear medicine imaging, including cardiovascular 
and SPECT, strong teaching interest, and adminis- 
trative experience. Duties include some other areas 
of diagnostic radiology. Competitive salaries and 
excellent benefits for this partnership-track position. 
Send CV to Diagnostic Imaging Associates, 2041 
Bivd. of the Allies, Pittsburgh, PA 15219, Attn: B. A. 
Carlin, M.D. 1ap 


CHAIR OF RADIOLOGY, UNIVERSITY OF CAPE 
TOWN/CAPE PROVINCIAL ADMINISTRATION— 
Applications from suitably qualified persons are in- 
vited for the post of professor and head of the Dept. 
of Radiology, vacant Jan. 1, 1993. The University is 
seeking acknowledged experts in a particular disci- 
pline of radiology, who have a proven record of 
excellence in teaching and research and can pro- 
vide leadership to the dept. in these areas, and who 
will have good organizational skills. The successful 
applicant, who will be Head of the Dept. of Radiology 
at Groote Schuur, Red Cross, and Somerset Hospi- 
tals, will be responsible to the university for teaching 
and research activities, and to the Provincial Admin- 
istration for clinical services. The post is full-time 
and under the terms of the joint agreement between 
the University of Cape Town and the Cape Provin- 
cial Administration. Anegotiable remuneration pack- 
age includes attractive staff benefits such as 
noncontributory medical aid, a housing subsidy in 
certain circumstances, and a pension scheme. Fur- 
ther details are available on request. A 
nonpensionable allowance may be paid by the Prov- 
ince under certain circumstances. Further informa- 
tion may be obtained from CSIRIS, Ste. 350, 4801 
Massachusetts Ave., N.W., Washington, DC 20016. 
Applicants should submit a full CV and the names 
and addresses of 3 referees not later than Feb. 28, 
1992, to the Appointments Officer, University of 
Cape Town, Rondebosch 7700, Republic of South 
Africa, (21) 650-2192; fax (21) 650-2138. The policy 
and practice of the University of Cape Town are to 
oppose discrimination on grounds of gender, race, 
or creed in any sphere of university life. UCT has 
consistently protested, and continues to protest, 
against apartheid laws and practices and is commit- 
ted to working toward a just future for our country. 
Information on the university policy is available on 
request. 1a 


ONCOLOGIC RADIOLOGY/MAMMOGRAPHY— 
The Dana-Farber Cancer Institute and Brigham and 
Women's Hospital, teaching affiliates of Harvard 
Medical School, seek a full-time diagnostic radiolo- 
gist with interests in oncologic radiology and 
mammography. The 2 hospitals are in close proxim- 
ity and the radiology dept. at the Dana-Farber Can- 
cer Institute is staffed by Brigham and Women’s 
Hospital faculty and residents. The Dana-Farber 
Cancer Institute is one of the world’s leading cancer 
treatment and research facilities and many opportu- 
nities exist for collaborative clinical research in can- 
cer imaging. Please contact Jack E. Meyer, M.D., 
Director of Diagnostic Radiology, Brigham and 
Women's Hospital and Dana-Farber Cancer Insti- 
tute, 75 Francis St., Boston, MA 02115; (617) 732- 
6269. Brigham and Women’s Hospital/Dana-Farber 
Cancer Institute/Harvard Medical School is an affir- 
mative action/equal opportunity educator and em- 
ployer. 9-2a 


CLASSIFIED ADVERTISEMENTS 


HARTFORD, CT—Position available for board-cer- 
tified radiologist to join an established group of 8. 
Practice includes hospital and 4 private offices, all 
fully equipped including CT. Mammography experi- 
ence would be helpful. Competitive starting salary 
and benefits. Please enclose CV with initial corre- 
spondence to Jeffrey Blau, M.D., 40 Hart St., New 
Britain, CT 06052; (203) 229-2059. 1-2a 


LONG BEACH, CALIFORNIA—The VA Medical 
Center, Long Beach, is recruiting for a Chief, Radi- 
ology Service, consisting of divisions of general 
diagnosis, CT, ultrasound, angiographic, and 
interventional radiology, in addition to MRI. U.S. 
citizenship is required. The applicant must be board- 
certified in radiology, have administrative experi- 
ence in an academic environment, a strong re- 
search background, and be eligible for academic 
appt. in conjunction with the affiliated radiology 
resident program of the University of California, 
Irvine. Please send CV and references to Chief of 
Staff, VAMC, 5901 E. 7th St., Long Beach, CA 
90822. The VAis an equal opportunity employer. 1a 


DIAGNOSTIC RADIOLOGIST, SANTA BARBARA, 
CALIFORNIA—A large multispecialty clinic is seek- 
ing a board-certified/eligible diagnostic radiologist. 
Competence necessary in CT, ultrasound, and MRI. 
Send CV to Monica Micon, M.D. or Ella Wong, M.D., 
Sansum Medical Clinic, P. O. Box 1239, Santa 
Barbara, CA 93102. 1-3ap 


UCSD SCHOOL OF MEDICINE—The Dept. of Ra- 
diology is seeking a radiologist to participate in 
clinical, teaching, and research programs in MR, 
CT, and ultrasound. Qualifications required are 
board-eligibility/certification, a California medical li- 
cense, and a strong background and experience in 
body imaging (MR/CT/ultrasound). Title Series is 
assistant professor (in residence series — not cur- 
rently a tenure-track position); level based on years 
experience; and salary commensurate with rank 
and step of appointment based on the established 
salary schedule of the UCSD School of Medicine 
Faculty Compensation Plan. The University of Cali- 
fornia, San Diego, is an equal opportunity/affirma- 
tive action employer. All CVs received prior to Jan. 
31, 1992, or thereafter until vacancy is filled, will be 
assured full consideration. Sendto Robert F. Mattrey, 
M.D., Professor of Radiology, Dept. of Radiology, 
8756, UCSD Medical Center, 225 Dickinson St., 
San Diego, CA 92103. 1a 


THE PORTLAND VETERANS ADMINISTRATION 
MEDICAL CENTER, a 490-bed teaching hospital 
affiliated with Oregon Health Sciences University, is 
seeking a staff radiologist with interest in body 
imaging and general radiology. Starting salary up to 
$126,000 for full-time. Located in Portland’s west 
hills adjacentto the university, this new, well-equipped 
facility has a commanding view of the Cascade 
range, with its ski resorts, white water rafting, moun- 
taineering, and other outdoor opportunities. There 
are 2 state-of-the-art CT scanners, 2 Acuson ultra- 
sound units with color flow, a GE 1.5-T MRI scanner, 
and 2 digital angiographic suites. All staff hold 
university appointments and an interest in teaching 
is essential. Research is encouraged but not re- 
quired. Portland is a small city that offers everything 
from rodeo to opera and is surrounded by the natural 
beauty of the pacific northwest. It offers a comfort- 
able backdrop for career development and family 
life. Contact Dr. Ruza Antonovic or Dr. Mary Burry, 
Radiology Dept., Portland VA Medical Center, Port- 
land, OR 97207; (503) 220-8262, ext. 6510. Equal 
opportunity employer. 1a 
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DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for BC/BE radiologist to join group of 6 in an 
active practice including 2 hospitals (480 beds) and 
a multispecialty clinic that performs 110,000 exams/ 
yr. Practice includes substantial CT, nuclear medi- 
cine, ultrasound, MRI, angiography, and 
interventional and is located in a pleasant commu- 
nity on Lake Michigan with easy access to Milwau- 
kee and Chicago. Locums needed in interval. Con- 
tact Arnold Strimling, M.D., Dept. of Radiology, St. 
Mary’s Medical Center, 3801 Spring St., Racine, WI 
53405; (414) 636-4311. 1xa 


SAN ANTONIO, TEXAS—Large group covering 
multiple hospitals and outpatient facilities seeks 
radiologists with angiography skills. Send CV to 
Search Committee, M&S X-Ray Associates, P. O. 
Box 15920, San Antonio, TX 78212-9510. 1—6ap 


DIAGNOSTIC RADIOLOGIST, LONG ISLAND, 
NY—A board-certified radiologist, with expertise in 
MRI, needed to join a 5-member group starting 
immediately. Willing to wait for the right candidate. 
Fellowship training in MRI or neuroradiology is de- 
sirable. Must be willing to do most aspects of 
diagnostic radiology. This well-established practice 
includes a 325-bed community hospital, a private 
diagnostic radiology office, and a 1-yr-old MRI facil- 
ity with a high-field-strength magnet. Generous 
salary leading to full partnership. Contact Ira Langer, 
M.D., 250 Hospital Rd., Patchogue, NY 11772; 
(516) 475-1030. 1-2ap 


VETERANS AFFAIRS MEDICAL CENTER, AU- 
GUSTA, GA is seeking a physician, board-eligible/ 
certified in radiology. Subspecialty interest in chest, 
skeletal, GI, or interventional radiology is desirable 
but not essential. This 1142-bed, tertiary-care medi- 
cal center is affiliated with the Medical College of 
Georgia. Faculty appointment commensurate with 
qualifications and experience. Augusta enjoys a 
moderate climate, reasonable cost of living, numer- 
ous recreational facilities, and institutions of higher 
learning. An equal opportunity employer. For addi- 
tional information, contact George T. Jamarik, M.D., 
Chief, Radiology Service, (404) 823-2236. 1a 


VASCULAR AND INTERVENTIONAL RADIOLO- 
GIST—A large, private-practice group in a 1200- 
bed, tertiary-care center seeks a board-certified, 
fellowship-trained interventional radiologist. The 
hospital has busy vascular, transplant, obstetric, 
medical, and surgical services, with residency and 
fellowship programs. The Dept. of Radiology is 
staffed by 24 diagnostic radiologists, 20 residents, 2 
MRI fellows, and a vascular and interventional fel- 
low. The applicant will be 1 of 4 dedicated vascular 
and interventional radiologists. We perform a wide 
variety of procedures, including angioplasty, vascu- 
lar stenting, atherectomy, transjugular intrahepatic 
portosystemic shunting, thrombolysis, biliary drain- 
age and stenting, percutaneous nephrostomy, and 
cholecystostomy. There are 4 angiography suites, 
2 are state-of-the-art, and a third will be updated 
within the yr. Please address inquiries to Stephen P. 
Lee, M.D., Dept. of Radiology, Baylor University 
Medical Center, 3500 Gaston Ave., Dallas, TX 75246; 
(214) 820-3206. 1ap 


DIAGNOSTIC RADIOLOGIST—A 3-member radi- 
ology group seeks a fourth radiologist with 
interventional skills to join them in a suburban com- 
munity hospital practice in northern Ohio, 20 min 
from the boating and fishing pleasures of Lake Erie 
and its islands. Interested applicants please call or 
write to Dr. Matthew F. Gutowicz, Jr., 23 Patrician 
Dr., Norwalk, OH 44857; (419) 668-8101 ext. 6205 
or 6208. 11—4ap 
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DIAGNOSTIC RADIOLOGIST—The Radiology 
Regional Center of Fort Myers, FL, an 8-person 
diagnostic radiology group, is seeking a new asso- 
ciate. The group covers 2 private offices and a 400- 
bed, acute-care hospital with general radiology, 
fluoroscopy, ultrasound, nuclear medicine, CT, MRI, 
and interventional radiology. The group has re- 
cently assumed coverage of a growing new D.O./ 
M.D. hospital. We are seeking a versatile M.D. or 
D.O. radiologist who is skilled in all aspects of 
diagnostic radiology including nuclear medicine, 
neuroradiology, and interventional radiology, pref- 
erably with fellowship training in MRI, including 
musculoskeletal, neuroradiology, or interventional. 
A competitive salary, excellent benefits, and part- 
nership are being offered. Please forward CV to 
Barbara Dunwody, Office Manager, Radiology Re- 
gional Center, 3680 Broadway, Fort Myers, FL 33901. 
1-3ap 


PULMONARY RADIOLOGIST—The University of 
California, Davis, School of Medicine has a full-time 
faculty position available in the Diagnostic Division 
of the Dept. of Radiology. Appointment will be at the 
assistant/associate professor level. Candidates must 
be board-certified in diagnostic radiology, eligible for 
licensure in California, and have an academic and 
clinical background in pulmonary radiology. Please 
forward a CV, a letter outlining background and 
interests in teaching/research, and the names and 
addresses of 5 references to Richard W. Katzberg, 
M.D., Chairman, Dept. of Radiology, University of 
California, Davis, TICON II Bldg., 2516 Stockton 
Blvd., Sacramento, CA 95817. This position will be 
open until filled, but not later than June 30, 1992. 
The University of California is an equal opportunity/ 
affirmative action employer and encourages appli- 
cations from members of minority groups and women. 
1a 


NEURORADIOLOGIST—Well-established commu- 
nity hospital and imaging center-based practice in 
Albany, NY, seeks fellowship-trained 
neuroradiologist. Individual should have expertise 
and interest in all aspects of neuroradiology with 
particular emphasis on MRI. Interests in other 
aspects of radiology, particularly cross-sectional 
imaging, desirable. Ultramodern-equipped practice 
includes 2 high-field Siemens MRI units and MRA 
capability, new biplane angiography suite, and 2 
Siemens CT scanners. Practice emphasizes 
subspecialty expertise in all aspects of diagnostic 
imaging, performing 100,000 exams/yr. Capital 
district community with abundant cultural, recre- 
ational, and educational opportunities. Excellent 
compensation package leading to lucrative full part- 
nership. Send CV to Michael E. Berlow, M.D., Dept. 
of Medical Imaging, Albany Memorial Hospital, 600 
Northern Blvd., Albany, NY 12204. 1-—2ap 


COASTAL NORTHERN CALIFORNIA/SAN FRAN- 
CISCO BAY AREA—A progressive, diversified 
group of 16 board-certified diagnostic radiologists, 5 
radiation oncologists, and 2 medical oncologists 
seeks a board-eligible/ certified radiologist with some 
training in MRI and/or neuroradiology. The group 
serves 4 small- to medium-sized hospitals and a 
large outpatient imaging center. The imaging center 
includes a GE 1.5-T MRI, 9800 Advantage CT, and 
Acuson ultrasound, as wellas CGR mammography, 
and 3 RF rooms. Competitive salary, 2 yr to full 
partnership, and excellent benefits. Fast-growing, 
suburban community 50 min north of downtown San 
Francisco with sunny Mediterranean climate and 
very mild winters in the heart of the wine country. 
Excellent outdoor recreational opportunities. Please 
send initial inquiry and CV to John J. McGovern, 
M.D., 121 Sotoyome St., Santa Rosa, CA 95405; 
(707) 546-4062. 9-2ap 


CLASSIFIED ADVERTISEMENTS 


CROSS-SECTIONAL IMAGING SPECIALIST— 
Well-established practice of 8 radiologists, with 
emphasis on high-quality subspecialized expertise, 
seeks individual with broad background in CT, ultra- 
sound, and particularly MRI. Expanding MRI prac- 
tice includes 2 Siemens 1.0-T units with plans for 
further expansion in near future. In addition, state- 
of-the-art equipment consists of 2 Siemens CT scan- 
ners and 5 ultrasound units, including color Doppler 
Capability. Practice includes modern community 
hospital dept. and large imaging center. Capital 
district community has abundant cultural, recre- 
ational, and educational opportunities. Individual 
should be BC/BE, fellowship-trained, or academi- 
cally experienced. Excellent compensation com- 
mensurate with experience leading to lucrative full 
partnership. Individual interested in leadership re- 
sponsibility in subsection highly desirable. Send CV 
to Michael E. Berlow, M.D., Director, Dept. of Medi- 
cal Imaging, 600 Northern Blvd., Albany, NY 12204. 
1—2ap 


DIAGNOSTIC RADIOLOGIST POSITION AVAIL- 
ABLE JULY 1992—Join 2 other radiologists in a 
154-bed hospital with a superior medical staff and an 
excellent, stimulating practice. High income, early 
partnership, and generous vacation time. The com- 
munity, which includes the headquarters of 2 large 
multinational corporations, is an ideal place to live. It 
has all the advantages of a small town (low crime 
rate, reasonable cost of living, and country atmo- 
sphere), many big city amenities (symphony, the- 
ater, etc.), and a population with a high level of 
education. Contact Gene Martin, M.D., Radiology 
Dept., Corning Hospital, Corning, NY 14830; (607) 
937-7289; home (607) 962-2037. 12-3ap 


INTERVENTIONAL RADIOLOGIST, CHARLOTTE, 
NC—Fellowship-trained interventional radiologist 
needed for July 1992. This subspecialized, 14- 
member group with 2 busy interventional radiolo- 
gists performs all aspects of invasive radiology in a 
600-bed, community/referred hospital. Great fam- 
ily-oriented community with warm 4-season climate 
centrally located between mountains and coast. 
Send CV to P.O. Box 221211, Charlotte, NC 28222. 
12-1ap 


COASTAL MAINE—Board-certified, experienced 
radiologist required to share relaxed but growing 
solo practice in picturesque seascape setting. Ample 
time off to enjoy it with acceptable income. For 
details send CV to Paul D. Crary, M.D., Box 697, 
Boothbay Harbor, ME 04538; (207) 633-3385. 12- 
3ap 


CHIEF OF RADIOLOGY—St. Louis Regional Medi- 
cal Center seeks an experienced radiologist to as- 
sume leadership of our dept. as we undertake a 
major upgrade in equipment and facilities. The dept. 
performs 70,000 exams annually in a teaching hos- 
pital with an extensive clinic system. Contact John 
Kissel, M.D., Vice-President Medical Affairs, 5535 
Delmar Blvd., St. Louis, MO 63112; (314) 879-6363. 
12-2ap 


NORTHWEST ROCKY MOUNTAINS-Highly re- 
spected, 8-person group with strong subspecialty 
interests seeks highly qualified radiologist. Fellow- 
ship or academic experience preferred. Body imag- 
ing/MRI, nuclear medicine with boards, or ABR 
special competency strongly desired. Position in- 
cludes all aspects of radiology. Practice is located in 
Boise, ID, which has many recreational and cultural 
amenities. Reply to Paul Traughber, M.D., or J. Tim 
Hall, M.D., Dept. of Radiology, St. Alphonsus Re- 
gional Medica! Center, 1055 N. Curtis Rd., Boise, ID 
83706; (208) 378-2161. 10-1ap 
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FACULTY POSITION IN ABDOMINAL IMAGING, 
THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—This position includes responsibilities in GI 
and GU radiology, abdominal and pelvic ultrasound, 
and body CT. Jefferson has a large and well- 
equipped dept. that carried out over 208,000 studies 
last yr. There are 5 modern fluoroscopic rooms, 3 
CT scanners, 21 ultrasound scanners, and 4 GE 1.5- 
T MRI units available to the staff. There is an 
excellent mix of stimulating clinical work, sizeable 
teaching programs at the residency and fellowship 
levels, and strong support for research. Every 
faculty member has dedicated academic time, and 
salaries and benefits are maintained at high levels. 
Interested candidates should contact David C. Levin, 
M.D., Chairman, Dept. of Radiology, or Robert M. 
Steiner, M.D., Director, General Diagnostic Radiol- 
ogy, Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107; (215) 955-7264. An equal 
opportunity/affirmative action employer. 1xa 


CHIEF, RADIOLOGY SERVICE AND STAFF RA- 
DIOLOGIST POSITIONS—The Syracuse VA Medi- 
cal Center is recruiting a Chief, Radiology Service, 
and has 3 other vacancies for staff diagnostic radi- 
ologists. The Syracuse VAMC is an active teaching 
hospital affiliated with the medical school at the 
State University of New York at Syracuse. For the 
position of Chief, Radiology Service, board certifica- 
tion with a minimum of 1-3 yr post-residency expe- 
rience is desired. BE candidates with no post- 
residency experience will be considered for staff 
radiologist vacancies. All applicants must be li- 
censed in a “state” and must qualify for academic 
appointment in the Dept. of Radiology at SUNY. All 
positions involve house staff responsibilities. Re- 
search opportunities are available. VA central office 
recently approved both scarce specialty and geo- 
graphic pay making salary and fringe benefits very 
competitive. Salary and academic rank commensu- 
rate with qualifications. U.S. citizenship required. 
Contact Richard Kazel, Chief of Staff's Office; (315) 
476-7461, ext. 2230. The Syracuse VA Medica! 
Center is an equal opportunity employer. 1xa 


DIAGNOSTIC RADIOLOGIST ON THE ISLAND 
OF KAUAI needed to join 45 doctors in multispecialty 
group. Three radiologists in clinic and hospital dept. 
BC radiologist to perform diagnostic radiology, CT 
scan, ultrasound, mammography, nuclear medi- 
cine, but no angiography. Strong FNA service. 
Island of 50,000 with moderate subtropical climate. 
All outdoor sports including scuba, snorkeling, fish- 
ing, golf, tennis, and biking. Incentive formula on 
becoming stockholder after 1 yr; excellent benefits. 
Congenial group with quality care emphasis. Send 
CV to, orcall, Rex D. Couch, M.D., Medical Director, 
Kauai Medical Group, Inc., 3420-B Kuhio Hwy., 
Lihue, HI 96766; (808) 245-1077; fax (808) 246- 
1625 welcomed. 12-2a 


DIAGNOSTIC RADIOLOGIST, ABDOMINAL IM- 
AGING—The University of Missouri-Columbia Hos- 
pital and Clinics is seeking a radiologist with exper- 
tise in abdominal imaging (GI, CT, ultrasound, and 
MRI). Board-certification required. Fellowship de- 
sirable. Tenured and nontenured tracks available at 
assistant and associate professor levels. Address 
inquiries to Robert J. Churchill, M.D., Dept. of Radi- 
ology, University of Missouri-Columbia Hospital and 
Clinics, One Hospital Dr., Columbia, MO 65212. An 
equal opportunity/affirmative action employer. 12- 
3a 


LARGE PRACTICE IN CENTRAL NEW JERSEY 
and adjacent Bucks County, PA, seeks genera! 
radiologist with good ultrasound and mammography 
skills. Excellent benefits. No weekends, no call. 
Full- or part-time. Respond to Radiology Affiliates, 
838 W. State St., Trenton, NJ 08618. 1-3a 
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RADIOLOGIST(S), ULTRASOUND/CT/MRI—The 
Dept. of Radiology of New York Medical College has 
2 immediate openings for radiologists with fellow- 
ship background in cross-sectional imaging. The 
positions offer academic status and faculty appoint- 
ments at New York Medical College. Applicants will 
participate in medical student, resident, and fellow 
training as well as clinical services. Applicants 
sought should be board-certified or eligible and New 
York state licensed. Interested candidates should 
submit a CV to Michael S. Tenner, M.D., Professor 
and Chairman, Dept. of Radiology, New York Medi- 
cal College, Valhalla, NY 10595; (914) 285-8546. 
12-la 


BODY IMAGING DIAGNOSTIC RADIOLOGIST— 
Young, progressive group in Washington, DC, area 
has position immediately available for a board-cer- 
tified diagnostic radiologist in an expanding and 
diversified hospital and office-based practice with 
facilities in Maryland and Virginia. Our group covers 
1 hospital, 5 full-service private offices, and 2 diag- 
nostic centers for women. All imaging modalities 
represented, including 3 MRIs, 6 CTs, 9 ultrasound 
suites including color-flow, and an ISG 3-D imaging 
workstation. Very attractive practice setting. Com- 
mitment to leading edge technology. Address inquir- 
ies and CV to Grant McClure, Radiology Imaging 
Associates, 7801 Old Branch Ave., Ste. 300, Clinton, 
MD 20735: (301) 856-6718. 12-2ap 


BC/BE DIAGNOSTIC RADIOLOGIST wanted to 
join expanding practice of 12 radiologists in north- 
eastern Pennsylvania. Practice includes 3 hospitals 
(720 beds) and a free-standing MRI. Candidate 
must have experience in cross-sectional imaging 
with an interest in ultrasonography, and must be 
willing to cover other areas of diagnostic imaging. 
No angiography skills are necessary. Contact Paul 
M. Leiman, M.D., Dept. of Radiology, Moses Taylor 
Hospital, 700 Quincy Ave., Scranton, PA 18501: 
(717) 963-2601. 12—1ap 


SAN FRANCISCO REGION—Growing 3-person 
radiology practice needs 2 new BC members, pref- 
erably with MR musculoskeletal and/or neuro fellow- 
ship training. Competitive salary and benefits lead- 
ing to partnership. New hospitals and free-standing 
facilities with 1.5-T Picker Vista MR, Acuson ultra- 
sound, Picker CT, and digital angio. Close to San 
Francisco, wine country, and Tahoe skiing. Serious 
applicants contact Box Q96, AJR (see address this 
section). 12-2ap 


THE LOUISIANA STATE UNIVERSITY MEDICAL 
CENTER, DEPT. OF RADIOLOGY, is seeking fac- 
ulty members with experience or fellowship training 
inneuroradiology, emergency radiology, chest, bone, 
CT/MRl/ultrasound, angiography/interventional, 
nuclear medicine, pediatrics, and GI. The dept. 
practice is centered at Charity Hospital in New 
Orleans, a 700-bed general hospital with an active 
emergency room. 180,000 exams/yr. The resi- 
dency program has 20 residents. Research, teach- 
ing, and clinical service are important. Certification 
by the American Board of Radiology or its equivalent 
is desired. Energetic persons are encouraged. 
Interested persons should submit CV and refer- 
ences to Dr. Jane Clayton, Acting Chairman, Dept. 
of Radiology, 1542 Tulane Ave., New Orleans, LA 
70112. EOE/AA. 12-2a 


DIAGNOSTIC RADIOLOGIST seeks board-certi- 
fied radiologist to join established 2-person practice 
at 150-bed hospital on Virginia’s eastern shore. 
Opening Jan. 1992. We offer radiologic services 
including MRI, CT, mammography, and nuclear 
medicine. Competitive salary and good benefits. 
Send CV to Box Q100, AJR (see address this 
section). 12—1ap 


CLASSIFIED ADVERTISEMENTS 


FLORIDA, BC DIAGNOSTIC RADIOLOGIST— 
Opening for board-certified radiologist with fellow- 
ship training in MRI to join our group of 3 board- 
certified radiologists in a hospital practice. We 
recently installed a GE 1.5-T MRI system. Candi- 
date must be willing to cover other areas of diagnos- 
tic imaging as well. Competitive salary leading to 
early partnership. Please send inquiries and CV to 
David M. Mullin, M.D., Chief of Radiology, 1210 S. 
Old Dixie Hwy., Jupiter, FL 33458; (407) 744-4411. 
12-1ap 


DIAGNOSTIC RADIOLOGISTS—lImmediate open- 
ings for 2 recently trained BC/BE diagnostic radiolo- 
gists with expertise in all modalities to join busy 2- 
person group in expanding, 222-bed hospital in 
northwest Arkansas. 40,000 exams/yr. New equip- 
ment includes GE Advantage MR, GE Highlight 
Advantage CT, GE Starcam 3000 SPECT, and 
Acuson ultrasound. Excellent salary and early part- 
nership. Robust local economy, no heavy industry, 
and mild climate. Near University of Arkansas. 
Excellent outdoor recreational opportunities. Con- 
tact David Rhodes, M.D., 28 Greenbriar Dr., 
Fayetteville, AR 72703. 12-1ap 


PEDIATRIC NEURORADIOLOGIST—An opportu- 
nity is available for a qualified pediatric 
neuroradiologist certified by the American Board of 
Radiology, and fully trained in general neuroradiology 
and pediatric neuroradiology. The candidate must 
be a senior member of the American Society of 
Neuroradiology. In addition, the individual must be 
qualified to practice and teach general diagnostic 
pediatric radiology, cross-sectional imaging, as well 
as all aspects of diagnostic and interventional pedi- 
atric neuroradiology. A solid knowledge of MR and 
an interest in neuroradiology research is required. 
Other duties include clinical service and teaching. 
Candidates must be qualified for faculty appoint- 
ment at the George Washington University Medical 
Center with a future in academic pediatric 
neuroradiology. All applicants should apply to David 
C. Kushner, M.D., Chairman, Dept. of Diagnostic 
Imaging and Radiology, Children’s National Medical 
Center, 111 Michigan Ave., N.W., Washington, DC 
20010. Children's National Medical Center is an 
equal opportunity employer. 12-2a 


THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY/MEDICAL COLLEGE 
OF VIRGINIA, AND THE MCGUIRE VA MEDICAL 
CENTER, RICHMOND, VIRGINIA, seek faculty for 
positions in diagnostic radiology (chest, Gl, 
mammography, CT/ultrasound/MR, musculoskel- 
etal, ER, angio/interventional, neuroradiology), and 
radiological physics. MCV is a 1058-bed facility and 
a Level | Trauma Center. The McGuire VAMC is an 
800-bed facility. ABR certification or eligibility re- 
quired. Individual should have experience working 
in a culturally diverse environment. Academic rank 
and salary commensurate with experience. For 
position description, or to submit CV, write or phone 
A. V. Proto, M.D., Dept. of Radiology, MCV Box 470, 
Richmond, VA 23298-0470; (804) 786-7212. VCU/ 
MCV is an equal opportunity/affirmative action em- 
ployer. Women and minorities are encouraged to 
apply. 12-1a 


DIAGNOSTIC RADIOLOGIST sought to join a fee- 
for-service group practice at 2 mid-Bronx hospitals. 
Board-certification with expertise in imaging and 
special procedures/interventional radiology pre- 
ferred. Please send CV to Arthur Avenue Radiology, 
P.C., P. O. Box 4332, Great Neck, NY 11027. 11- 
4ap 
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LONG BEACH, CA—The VA Medical Center, Long 
Beach, CA, is seeking applications for full- and part- 
time radiologist positions in CT, ultrasound, and 
neuroradiology. Interest in MRI and intervention 
desirable. Board-certification/eligibility required. May 
be licensedin any state. U.S. citizenship is required. 
Responsibilities include teaching and supervision of 
residents in conjunction with the affiliated program, 
University of California, Irvine. Please send CV to 
Chief, Radiology Service, VAMC, 5901 E. 7th St., 
Long Beach, CA 90822; (213) 494-2611, or ext. 
4787. The DVA is an equal opportunity employer. 
11-2a 


BOSTON—Expanding private-practice group. No 
night or evening call. Need experience in 
mammography. Great lifestyle. Salary leading to 
equal partnership. Send letter and CV to Box E49, 
AJR (see address this section). 11—4a 


PEDIATRIC RADIOLOGIST—The Dept. of Radio- 
logical Sciences of the University of Oklahoma Health 
Sciences Center has an opening for a pediatric 
radiologist. Faculty rank and remuneration will de- 
pend on credentials and experience. Work site is 
Children’s Hospital of Oklahoma (Oklahoma City) in 
a well-equipped radiology service performing ap- 
proximately 75,000 studies/yr. Responsibilities in- 
clude general diagnosis, ultrasound, body CT, and 
body MR. Ifinterested, please contact J. J. Vanhoutte, 
M.D., Radiology Service, Children's Hospital of Okla- 
homa, P. O. Box 26307, Oklahoma City, OK 73126. 
11-1a 


RADIOLOGIST, WASHINGTON—Prominent, 100- 
physician multispecialty clinic in Pacific Northwest is 
recruiting a diagnostic radiologist. Interventional 
fellowship training and/or individual with extensive 
experience in interventional radiology desired. Guar- 
anteed salary and partnership track available. Ex- 
cellent benefit package. Abundant 4-season recre- 
ational opportunities. Family-oriented community 
rated the 4th best micropolitian area in the U.S. 
Send CV to Fred Bockenstedt, M.D., P. O. Box 489, 
Wenatchee, WA 98807; (509) 663-8711, ext. 5590. 
11-1a 


UNIVERSITY OF CHICAGO, ANGIOGRAPHY/ 
INTERVENTIONAL RADIOLOGIST—The Univer- 
sity of Chicago Hospital's exceptionally active clini- 
cal and academic programs provide a wide variety of 
case material. A second new biplane digital room 
was just installed as well as a 5-bed recovery ward. 
Interested applicants should call or forward their 
CVs to Dr. Martin J. Lipton, Chairman, Dept. of 
Radiology—Box 429, 5841 S. Maryland Ave., Chi- 
cago, IL 60637; (312) 702-6024, fax (312) 702- 
1161. Affirmative action/equal opportunity employer. 
11-—1ap 


OPENING FOR BC/BE RADIOLOGIST with cross- 
sectional imaging (MRI/CT/ultrasound) fellowship 
or equivalent experience to join 8-member hospital- 
based group in Pensacola, FL. Position open Jan. 
1992 (possible to hold open until July 1992). Teach- 
ing involved. 380-bed hospital/ 100,000+ proce- 
dures/yr. Send CV to Harry Cramer, M.D., P. O. Box 
9210, Pensacola, FL 32513-9210. 10—-1ap 


SOUTHERN OREGON—Opportunity for BC/BE. 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all mo- 
dalities desired. Practice includes 2 hospitals and 
own private office. Competitive starting salary with 
early full partnership. Excellent lifestyle with many 
outdoor activities from Pacific Coast to Oregon Cas- 
cades. Send CV to Larry Strickland, Administrator, 
Roseburg Radiologists, P.C., P. O. Box 1547. 
Roseburg, OR 97478. 8-1ap 


AJR:158, January 1992 


UNIVERSITY OF CHICAGO, CHIEF OF PEDIAT- 
RIC RADIOLOGY—The University of Chicago is 
seeking a pediatric radiologist at the rank of associ- 
ate or professor who is interested in building an 
outstanding clinical and research program. Current 
workload approximately 30,000 exams/yr. Clinical 
facilities include fluoroscopy, ultrasound, CT, and 
MRI. Excellent opportunity for a dynamic person. 
Interested applicants should call or forward their 
CVs to Dr. John Fennessy, Chairman, Search Com- 
mittee, Dept. of Radiology—Box 429, 5841 S. Mary- 
land Ave., Chicago, IL 60637; (312) 702-6024, fax 
(312) 702-1161. Affirmative action/equal opportu- 
nity employer. 11—1ap 


UNIVERSITY OF CHICAGO, CHIEF OF ABDOMI- 
NAL IMAGING—Excellent opportunity for a dy- 
namic person who is interested in building an out- 
standing clinical and research program in abdominal 
imaging at the University of Chicago. During the 
past 3 yr, almost all of our diagnostic imaging equip- 
ment has been replaced and new rooms opened. 
Exciting clinical and research opportunities are avail- 
able with new state-of-the-art CT, MRI, and ultra- 
sound equipment. Four new CT units have been 
purchased, including a GE 9800 and an Imatron C- 
1000 (ultrafast CT). A Siemens 1.5-T MRI unit and 
anew GE 1.5-T Signa MRI unit are in operation, and 
an Instrumentarium 0.1-T MRI unit (the first in the 
U.S.) has recently been installed in the diagnostic 
area. Another new 1.5-T unit is on order for delivery 
in 1992. An additional small horizontal-bore, high- 
field 4.7-T MRI/MRS unit dedicated to research has 
been purchased and awaits installation. Interested 
applicants should call or forward their CVs to Dr. 
Martin J. Lipton, Chairman, Dept. of Radiology— 
Box 429, 5841 S. Maryland Ave., Chicago, IL 60637; 
(812) 702-6024, fax (312) 702-1161. Affirmative 
action/equal opportunity employer. 11-—1ap 


FACULTY POSITION IN ABDOMINAL IMAGING— 
Dartmouth-Hitchcock Medical Center is seeking a 
faculty member at the senior assistant or full profes- 
sor level with experience and interest in abdominal 
imaging. Clinical responsibility will be in an entirely 
new 420-bed clinical facility opening in Oct. 1991 
with state-of-the-art instrumentation. Position will 
involve responsibility for residency training in GI/GU 
area. Proven record of academic performance 
including research and teaching with an interest in 
providing academic guidance for energetic staff of 
younger radiologists. Interested candidates write 
with CV to Peter K. Spiegel, M.D., Chairman, Dept. 
of Diagnostic Radiology, Dartmouth-Hitchcock Medi- 
cal Center, Hanover, NH 03756. AA/EOE. 1xap 


DIAGNOSTIC RADIOLOGIST, BODY IMAGING— 
Large radiology group in western Massachusetts 
seeks board-certified radiologist with fellowship and/ 
or experience in MRI, CT, and ultrasound. 
Neuroradiology expertise and/or interest desirable, 
but not required. Primary assignment with 330-bed 
community hospital. Practice includes 3 other hos- 
pitals with 6 private offices. Full partnership after 1 
yr. Start on or around March 1, 1992. Send CV to W. 
M. Cloud, M.D., Radiology & Imaging, Inc., P.O. Box 
2250, Springfield, MA 01101. 11-—1ap 


RADIOLOGISTS—Eight-member group seeking 
board-certified/eligible radiologist to join progres- 
sive hospital/clinic practice in scenic western Arkan- 
sas town of approximately 100,000. All modalities 
represented in practice. Competitive salary leading 
to early full partnership. Liberal fringe benefits and 
vacation. Interested parties, please send CV to 
Gary A. Plymale, P. O. Box 3887, Ft. Smith, AR 
72913; (501) 452-9416 (collect). 11—1ap 


CLASSIFIED ADVERTISEMENTS 


PEDIATRIC RADIOLOGIST—Children’s Hospital 
and Medical Center (CHMC) and the University of 
Washington School of Medicine, Seattle, have a 
faculty opening for an academic pediatric radiolo- 
gist. Applicants must have completed at least 1 yr of 
pediatric radiology fellowship beyond a 4-yr resi- 
dency and must be board-certified. CHMC is a 208- 
bed medical center that performs approximately 
53,000 exams/yr in all phases of pediatric imaging. 
The successful applicant will join 8 full-time pediatric 
radiologists, 2 fellows, and 5 residents. The institu- 
tion is committed to clinical and research excel- 
lence, and radiology faculty are encouraged and 
supported in clinical and basic research efforts. 
Compensation and fringe benefits are competitive. 
CHMC and UW are equal opportunity/affirmative 
action employers. Inquire for additional details to 
Eric L. Effmann, M.D., Director, Dept. of Radiology, 
Children’s Hospital and Medical Center, P. O. Box 
C-5371, Seattle, WA 98105; (206) 526-2166. 11-1a 


PEDIATRIC NEURORADIOLOGIST—Children’s 
Hospital and Medical Center (CHMC) and the Uni- 
versity of Washington School of Medicine, Seattle, 
have a faculty opening for an academic pediatric 
neuroradiologist. Applicants must have completed 
a 4-yr residency in radiology, be board-certified, and 
have completed an approved ACGME 
neuroradiology training program. Additional or prior 
training in pediatric radiology is desirable. CHMC is 
a 208-bed medical center that performs approxi- 
mately 53,000 exams/yr in all phases of pediatric 
imaging. Successful applicants will join 8 full-time 
pediatric radiologists, 2 fellows, and 5 residents. 
The institution is committed to clinical and research 
excellence, and radiology faculty are encouraged 
and supported in clinical and basic research efforts. 
Compensation and fringe benefits are competitive. 
CHMC and UW are equal opportunity/affirmative 
action employers. Inquire for additional details to 
Eric L. Effmann, M.D., Director, Dept. of Radiology, 
Children’s Hospital and Medical Center, 4800 Sand 
Point Way, N.E., Seattle, WA 98105; (206) 526- 
2166. 11-1a 


UNIVERSITY OF CHICAGO, ABDOMINAL IMAG- 
ING—The University of Chicago is seeking a diag- 
nostic radiologist for an academic position to partici- 
pate in clinical service, medical student and resident 
teaching, and research projects. The major area of 
Clinical responsibility will be abdominal imaging, 
which includes GI/GU, CT, ultrasound, and 
mammography. Applicants should be eligible or 
certified by the ABR. Interested applicants should 
call or forward their CVs to Dr. Martin J. Lipton, 
Chairman, Dept. of Radiology—Box 429, 5841 S. 
Maryland Ave., Chicago, IL 60637; (312) 702-6024, 
fax (312) 702-1161. Affirmative action/equal oppor- 
tunity employer. 11—1ap 


ABDOMINAL IMAGING RADIOLOGIST—The Uni- 
versity of California, Davis, School of Medicine has 
a full-time position available in the diagnostic divi- 
sion of the Dept. of Radiology. Appointment will be 
at the assistant, associate, or full professor level. 
Candidates must be board-certified in diagnostic 
radiology, eligible for licensure in California, and 
have an academic and Clinical background in ab- 
dominal imaging (ultrasound, CT, and MRI). Please 
forward a CV, a letter outlining background and 
interests in teaching/research, and the names and 
addresses of 5 references to Richard W. Katzberg, 
M.D., Chairman, Dept. of Radiology, University of 
California, Davis, 2516 Stockton Blvd., TICON II 
Bldg., Sacramento, CA 95817. This position will be 
open until filled, but not later than Jan. 31, 1992. The 
University of California is an equal opportunity/affir- 
mative action employer and encourages applica- 
tions from members of minority groups and women. 
11-1la 
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BRIDGEPORT RADIOLOGY ASSOCIATES, P.C., 
is seeking a board-certified radiologist to join our 
group of 11. We provide imaging and therapy 
service for Bridgeport Hospital, a 525-bed commu- 
nity hospital, and 2 large private offices. All imaging 
modalities exist throughout the practice, including 
an outpatient 1.5-T MRI. Applicant must share office 
duties and night and weekend call for the practice, 
and must participate in teaching for the hospital- 
based, ABR-approved residency program. 
Subspecialty training is desirable. Salaried position 
leads to full partnership. Send letters of inquiry and 
CV to Anthony J. Bravo, M.D., Chairman, Dept. of 
Radiology, Bridgeport Hospital, 267 Grant St., Bridge- 
port, CT 06610. 11—1ap 


UNIVERSITY OF CHICAGO, CHIEF OF 
ANGIOGRAPHY/INTERVENTIONAL—Excellent 
opportunity for a dynamic person who is interested 
in building an outstanding clinical and research 
program. Our current chief is nearing retirement, 
and we are seeking a person with potential to 
succeed him. The University of Chicago Hospital's 
exceptionally active clinical and academic programs 
provide a wide variety of case material. A second 
new biplane digital room was just installed as well as 
a 5-bed recovery ward. Interested applicants should 
call or forward their CVs to Dr. Martin J. Lipton, 
Chairman, Dept. of Radiology—Box 429, 5841 S. 
Maryland Ave., Chicago, IL 60637; (312) 702-6024. 
fax (312) 702-1161. Affirmative action/equal oppor- 
tunity employer. 11—1ap 


IMMEDIATE OPENING—BE/BC general diagnos- 
tic radiologist to join 4-person group in Wilson, NC. 
This 336-bed hospital has state-of-the-art facilities 
including MRI. Imaging skills mandatory; 
interventional skills desirable. Excellent salary and 
benefits leading to early partnership. Contact James 
H. Melvin, M.D., Dept. of Radiology, Wilson Memo- 
rial Hospital, 1705 S. Tarboro St., Wilson, NC 27893. 
11-1ap 


CODY, WYOMING, has an immediate position avail- 
able for a board-certified radiologist. Live and work 
in the beautiful Rocky Mountain region, located only 
50 mi. from Yellowstone Park. Abundant fishing, 
hunting, and outdoor sports. No state income tax! 
For more information, call (307) 578-2488 or send 
CV to Gary Bishop, CEO, West Park Hospital, 707 
Sheridan Ave., Cody, WY 82414. 11-1a 


A MULTISPECIALTY MEDICAL GROUP has an 
immediate need for a radiologist. Excellent benefit 
package, guaranteed salary with incentive, all ex- 
penses paid first yr, with partnership opportunity for 
the future. Direct inquiries or send CV to Penny 
Phillips, Malone and Hogan Clinic, 1501 W. 11th PI., 
Big Spring, TX 79720; (915) 267-6361. 10-3a 


DIAGNOSTIC RADIOLOGIST, CONNECTICUT— 
Opening in July 1992 for BC/BE radiologist with 
expertise in general radiology and mammography. 
Additional training or experience preferred. No 
angiography/interventional experience required. 
Nine-radiologist practice includes a 435-bed, uni- 
versity-affiliated community hospital and a 54-physi- 
cian multispecialty clinic. Approximately 107,000 
exams/yr including MRI, CT, nuclear medicine, ul- 
trasound, and an active interventional service. Ex- 
cellent salary and benefits leading to full partnership 
after second yr. For more information, send CV to 
Paul C. Lakin, M.D., Dept. of Radiology, New Britain 
General Hospital, 100 Grand St., New Britain, CT 
06050. 11—2ap 
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Positions Desired 


GENERAL RADIOLOGIST, competent in CT with 
strong interest in mammography (recent tutorial) 
seeks salaried position. Would prefer Texas/South- 
west area. Available 2-3 wk. Contact Robert B. 
Connor, M.D., 709 Kerria, McAllen, TX 78501-1724, 
(512) 630-1583. 1bp 


UNIVERSITY-TRAINED, BC RADIOLOGIST, with 
15 yr community hospital practice experience (in- 
cluding general, CT, sonar, nuclear medicine, 
mammography, interventional, and angiography), 
seeks community-hospital, private-practice position. 
Extensive administrative experience. Flexible start- 
ing date and location. Excellent references. Reply 
Box A11, AJR (see address this section). 1—2bp 


Fellowships and Residencies 


MRI FELLOWSHIP 1992, MEDICAL CENTER, 
PORTLAND, MAINE—A 1-yr training program is 
offered in all aspects of MRI for a BC diagnostic 
radiologist. A broad range of experience is available 
from a 1.5-T GE Advantage Signa with independent 
workstation and MR angio, 1.0-T Siemens(x2), a 
Resonex, and Fonar, performing 8000+ exams/yr 
(30% brains, 35% spines, and 35% musculoskeletal 
& body). A competitive salary and benefit package 
includes 20% research time. Applicants should 
contact Chris F. Pope, M.D., Dept. of Radiology, 22 
Bramhall St., Portland, ME 04102; (207) 871-2571. 
1-—2cp 


FELLOWSHIP POSITIONS—The Dept. of Radiol- 
ogy, University of Arkansas for Medical Sciences, 
Little Rock, AR, has openings for fellowships to 
begin July 1992. Positions are available in body 
imaging/intervention, neuroradiology, vascular and 
interventional radiology, and pediatric radiology. 
Eligible candidates must be board-certified or eli- 
gible for certification in diagnostic radiology and 
should be eligible for licensing in the state of Arkan- 
sas. Interested candidates should contact the pro- 
gram directors: imaging/intervention—Teresita L. 
Angtuaco, M.D., or Steven K. Teplick, M.D.; 
neuroradiology—Edgardo J. C. Angtuaco, M.D.; 
vascular and interventional radiology—Joanna J. 
Siebert, M.D. All program directors listed above can 
be contacted at the Dept. of Radiology, University of 
Arkansas for Medical Sciences, Slot 556, 4301 W. 
Markham St., Little Rock, AR 72205; (501) 686- 
5740. The University of Arkansas for Medical Sci- 
ences is an affirmative action/equal opportunity 
employer. 1xc 


FELLOWSHIP IN BODY MRI, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL— The Dept. 
of Radiology at Thomas Jefferson University Hospi- 
tal has an unexpected opening for a 1-yr MRI fellow 
beginning July 1, 1992. This is an active body MRI 
section that encompasses a Clinical mix of approxi- 
mately 50% musculoskeletal and 50% chest/abdo- 
men/pelvis cases. Equipment includes 4 1.5-T GE 
Signa systems with state-of-the-art and advanced 
prototype hardware and software. Ample opportu- 
nity for research is provided. The dept. has excellent 
research facilities and support, including 2 MRI 
physicists, a radiology animal facility, radiology re- 
search funding, and a team of research assistants. 
Interested candidates should contact Donald G. 
Mitchell, M.D., Director of MRI, Dept. of Radiology, 
1032 Main Bldg., Thomas Jefferson University Hos- 
pital, Philadelphia, PA 19107; (215) 955-4809. 
Jefferson is an equal opportunity/affirmative action 
employer. 8—1c 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIP POSITION—The Dept. of Radiol- 
ogy, Division of Cardiovascular/Interventional Radi- 
ology of the Brigham and Women’s Hospital/Harvard 
Medical School has an opening for 1- or 2-yr position 
beginning July 1992. We are also considering 
applications for 1- and 2-yr fellowships starting July 
1993. The Division of Cardiovascular/Interventional 
Radiology is a state-of-the-art training program in 
peripheral angiographic techniques, vascular and 
nonvascular interventions of all types, vascular ul- 
trasound, and cardiovascular MRI. Some cardiac 
catheterization andcoronary angiography is included. 
Research time is available for participation in origi- 
nal or ongoing clinical and/or laboratory projects. 
Please send CV to Kris Kandarpa, M.D., Ph.D., Co- 
Director, Division of Cardiovascular/Interventional 
Radiology, Dept. of Radiology, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA02115. 
Brigham and Women's Hospital/Harvard Medical 
School is an affirmative action/equal opportunity 
educator and employer. 11—4c 


ABDOMINAL IMAGING FELLOWSHIP—The Uni- 
versity of Chicago has a fellowship (instructorship) 
position available July 1992. Training will include 6 
mo of CT and ultrasound, with the remaining 6 mo as 
elective, and will consist of subspecialties such as 
MRI, GI/GU, mammography, or other subspecialties 
in radiology arranged with the approval of the pro- 
gram director. Interested BC/BE applicants should 
call or forward their CVs and 3 letters of recommen- 
dation to Dr. Elizabeth Holland, Dept. of Radiol- 
ogy—Box 429, 5841 S. Maryland Ave., Chicago, IL 
60637; (312) 702-6200, fax (312) 702-1161. Affir- 
mative action/equal opportunity employer. 11—1cp 


CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY FELLOWSHIPS, THE JOHNS HOPKINS 
HOSPITAL—The Johns Hopkins Hospital will offer 
4 positions for its 2-yr CVIR training program begin- 
ning July 1993. The program has been redesigned 
to provide strong clinical experience in a wide variety 
of vascular and nonvascular interventional proce- 
dures, including angiography; angioplasty; percuta- 
neous atherectomy; intravascular ultrasound; 
thrombolytic therapy; varicocele, tumor, and AVM 
embolization; caval filters; percutaneous central 
venous catheter placement; percutaneous abscess 
drainage; and complex urologic and biliary interven- 
tion, including percutaneous biliary endoscopy and 
biliary atherectomy for biopsy. The first yr is a 
fellowship position during which basic techniques 
and fundamental elements of patient care are em- 
phasized. In addition, daily morning conferences, a 
private CVIR patient admitting service, and a weekly 
vascular clinic strengthen the total patient care con- 
cept of this program. Elective clinical rotations with 
both the vascular surgery and general surgery ser- 
vices help to facilitate an understanding of the evalu- 
ation, care, and treatment of CVIR patients outside 
the dept. Generous research time for both clinical 
and laboratory sciences is an integral part of the 
training program. The candidate will also participate 
in resident and medical student teaching. The sec- 
ond yr is a faculty position (instructor level) with 
commensurate compensation and benefits. Re- 
sponsibilities during the second training yr will in- 
clude case planning and supervision of residents 
and first-yr fellows, laboratory and clinical research, 
and vascular MR and ultrasound. Our dept. is cur- 
rently undergoing major renovations, with planned 
upgrades including a new room with a Siemens 
Angiostar, giving us 3 dedicated CVIR rooms and 2 
shared rooms. Our division includes 6 full-time staff, 
19 dedicated technologists, and 5 full-time RNs 
performing over 12,000 exams/yr. Interested candi- 
dates should contact Floyd A. Osterman, Jr., M.D., 
Chief, Division of CVIR, The Johns Hopkins Hospi- 
tal, 600 N. Wolfe St., Baltimore, MD 21205; (301) 
955-5687. 11—2cp 
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ACCREDITED FELLOWSHIPS IN PEDIATRIC 
RADIOLOGY AND PEDIATRIC 
NEURORADIOLOGY—Dept. of Radiology, 
Children’s Hospital Medical Center, Cincinnati, OH, 
offers 1- or 2-yr accredited (Residency Review Com- 
mittee for Radiology of ACGME) fellowships in pediat- 
ric radiology beginning July 1, 1993. A1-yr pediatric 
neuroradiology fellowship programis also offered and 
may be taken separately or combined with 2 yr of adult 
neuroradiology fellowship at the University of Cincin- 
nati Medical Center. Children’s Hospital Medical Cen- 
ter (CHMC) is a 355-bed institution. The dept. per- 
forms over 105,000 radiologic exams/yrin the largest 
children's hospital and ambulatory practice inthe U.S. 
The dept. has 14 full-time faculty pediatric radiolo- 
gists, 6 fellows, and many resident trainees. Five pedi- 
atric radiology and 2 pediatric neuroradiology fellow- 
ship positions are available annually. Training in- 
cludes all aspects of pediatric imaging, including neo- 
natal radiology, neuroimaging, oncologic imaging, 
ultrasonography, nuclear medicine, CT, MRI, and vas- 
cular/interventional procedures. The dept. has an 
active clinical service with state-of-the-art equipment, 
including digital fluoroscopy; Acuson, Al, andATLul- 
trasound units with Doppler and color flow Doppler 
capabilities; planar SPECT gamma cameras; GE 
9800 Quick CT scanner, 1.5-T GE MRI with spectros- 
copy; and cardiac catheterization/angiographic suite 
with digital vascular imaging. The fellowship provides 
a broad clinical experience in pediatric radiology as 
well as numerous opportunities to participate in both 
clinical and basic research. Candidates must be 
board-certified or qualified in diagnostic radiology and 
must obtain an Ohio medical license. Salary and 
fringe benefits are highly competitive. Applications are 
due before Jan. 1992, with interviews scheduled dur- 
ing the fall and winter of 1991-1992. There are numer- 
ous Career opportunities in pediatric radiology in both 
academic and private practice settings. To receive 
more information about the fellowships at CHMC or 
careers in pediatric radiology, please contact Donald 
R. Kirks, M.D., Director, Dept. of Radiology, Children's 
Hospital Medical Center, Cincinnati, OH 45229-2899; 
(513) 559-8058. Children’s Hospital Medical Center 
and the University of Cincinnati College of Medicine 
are affirmative action/equal opportunity employers. 
9-1cp 


FELLOWSHIP IN ABDOMINAL IMAGING AND 
INTERVENTIONS—The Dept. of Radiology, Mas- 
sachusetts General Hospital and Harvard Medical 
School, offers a 2-yr fellowship in abdominal imag- 
ing and interventions beginning July 1, 1993. Train- 
ing covers all aspects of abdominal imaging (radiog- 
raphy, fluoroscopy, ultrasound, CT, and MR) and 
nonvascular interventions in the GI and GU tracts. 
Research is active and participation is encouraged. 
Candidates should be ABR-eligible or certified. 
Address inquiries to Peter R. Mueller, M.D., or 
Nicholas Papanicolaou, M.D., Dept. of Radiology, 
Massachusetts General Hospital, Boston, MA 02114. 
An equal opportunity employer. 11—1cp 


ONCOLOGY/MAMMOGRAPHY FELLOWSHIP— 
The Dept. of Radiology at the Dana-Farber Cancer 
Institute and Brigham and Women’s Hospital, 
Harvard Medical School affiliates, offers a 1-yr fel- 
lowship position beginning July 1, 1992. All imaging 
modalities involved in the diagnosis, staging, and 
follow-up of patients with malignant disease are 
integrated into this program. An additional feature is 
a concentrated experience in the performance of 
interventional breast diagnostic procedures. Please 
contact Jack E. Meyer, M.D., Director of Diagnostic 
Radiology, Brigham and Women’s Hospital and 
Dana-Farber Cancer Institute, 75 Francis St., Bos- 
ton, MA 02115; (617) 732-6269. Brigham and 
Women's Hospital/Dana-Farber Cancer Institute/ 
Harvard Medical School is an affirmative action/ 
equal opportunity educator and employer. 9—2c 
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WOMEN’S IMAGING FELLOWSHIP—A 1-yr fel- 
lowship is available at Oregon Health Sciences 
University, Portland, OR. Training includes 
hysterosalpingography, fallopian tube recanalization, 
mammography and breast procedures, obstetric 
ultrasound, pelvic ultrasound including vaginal ultra- 
sound, and pelvic and breast MRI. Please contact 
Amy Thurmond, M.D., Director of Women’s Imag- 
ing, Oregon Health Sciences University, L340, 3181 
S.W. Sam Jackson Park Rd., Portland, OR 97201- 
3098; (503) 494-7576. 11-1c 


NEUROINTERVENTIONAL RADIOLOGY FEL- 
LOWSHIP—The College of Physicians and Sur- 
geons of Columbia University announces the open- 
ing of a 2-yr fellowship in neurointerventional radiol- 
ogy beginning July 1, 1992, at the Columbia-Presby- 
terian Medical Center under the leadership of our 
new director, John Pile-Spellman, M.D. Columbia- 
Presbyterian has a large cerebral vascular service 
with over 4500 patients admitted yearly for cerebral 
vascular disease. The interventional neuroradiology 
fellow will participate in all aspects of patient care, 
including preoperative evaluation, interventional pro- 
cedures, postoperative care and follow-up, as well 
as Off-hr call responsibilities for emergency cases. 
Additionally, the fellow is responsible for running 
weekly interventional clinical and research confer- 
ences. Treatment modalities offered include recon- 
Structive aneurysm repair; angioplasty and 
thrombolysis; brain, spine, dural, and cranial facial 
arterial-venous malformation acrylate embolization; 
tumor embolization; and transvenous embolization. 
Applicants are sought who have a strong clinical 
interest and background and are seeking a career in 
interventional neuroradiology. A New York state 
medical license is required as is a federal narcotics 
number. Requirements include board certification in 
diagnostic radiology and completion of a diagnostic 
neuroradiology fellowship, or comparable training 
and experience. Applicants should contact Philip O. 
Alderson, M.D., Dept. of Radiology, 622 W. 168th 
St., New York, NY 10032. Columbia University is an 
affirmative action/equal opportunity employer. 1c 


SPECIAL IMAGING FELLOWSHIP—The Johns 
Hopkins Hospital, Dept. of Radiology, is offering a 
unique opportunity for a yr of excellence in clinical 
and/or research in medical imaging starting July 1, 
1993. Active body CT service (>16,000 studies/yr) 
on state-of-the-art equipment with special areas of 
interest including oncology, immunocompromised 
host, inflammatory bowel disease, and 3D imaging. 
Research in imaging includes image processing of 
CT and MRI data using PIXAR image computers, 
Sun workstations, and NeXT and Apple computers. 
The candidates will be able to devote a significant 
portion of the yr to research and will be a sponsored 
fellow of the Winthrop Research Fellowship. Inter- 
ested applicants should write or call Elliot K. Fishman, 
M.D., Dept. of Radiology, The Johns Hopkins Hos- 
pital, 600 N. Wolfe St., Baltimore, MD 21205; (410) 
955-5173. 1—4cp 


ABDOMINAL RADIOLOGY FELLOWSHIP—The 
Dept. of Radiology at the Columbia-Presbyterian 
Medical Center has 2 1-yr fellowships in abdominal 
radiology. These fellowships will provide experience 
in abdominal and pelvic ultrasound, MRI and CT, 
and genitourinary and gastrointestinal radiography 
and fluoroscopy. Guided biopsies are included in 
the division’s activities; therapeutic catheter proce- 
dures and angiography are not. Multimodality prac- 
tice integration is stressed. Division of time between 
clinical work and research opportunities is flexible. 
New York state medical license required; narcotics 
license desirable. Please direct inquiries to Jeffrey 
H. Newhouse, M.D., Dept. of Radiology, Milstein 
Bldg., 2-125, 177 Fort Washington Ave., New York, 
NY 10032. Columbia University is an affirmative 
action/equal opportunity employer. 1c 


CLASSIFIED ADVERTISEMENTS 


RADIOLOGY RESIDENCY POSITION—Unex- 
pected immediate opening for an R3- or R4-radiol- 
ogy resident commencing July 1991 at Sacred Heart 
Medical Center (SHMC) in Spokane, WA. SHMC is 
a large, 650-bed tertiary-care hospital with a state- 
of-the-art radiology dept. The 11-member faculty 
are all fellowship trained. Residency program cur- 
rently includes 2 residents/yr. Please direct all in- 
quiries to Royce L. Zobell, M.D., Program Director, 
Dept. of Radiology, Sacred Heart Medical Center, 
W. 101 8th Ave., TAF-C9, Spokane, WA 99220: 
(509) 455-3020. 1xc 


FELLOWSHIP IN CROSS-SECTIONAL IMAG- 
ING—The Dept. of Radiology, Dartmouth-Hitchcock 
Medical Center has an opening in July 1992 for a 1- 
yr fellowship in MRI/CT/ultrasound. Training in- 
cludes experience in all aspects of MRI (including 
neuro and body), CT, and ultrasound (including 
obstetric and vascular imaging). Imaging-guided 
biopsies and drainage procedures will be an integral 
part of the program. The medical center has a 
completely new 420-bed, tertiary-care hospital with 
State-of-the-art imaging equipment opening in the 
fall of 1991. Protected research time will be avail- 
able for the fellow. There is ample opportunity for 
clinical radiologic research as well as technology 
assessment and outcome analysis in collaboration 
with Dartmouth Medical School Center for Evalua- 
tive Sciences. For further information, contact Rob- 
ert D. Harris, M.D., Dept. of Radiology, Dartmouth- 
Hitchcock Medical Center, Hanover, NH 03756; 
(603) 646-5686. 1xcp 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- | 


VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Philadel- 
phia offers the following fellowship programs each 
yr: (1) Ultrasound/CT/MR|l—Jefferson’s ultrasound 
division is 1 of the largest in the world and performs 
all currently available exams, including obstetric, 
vascular, lithotripsy, invasive, and endoluminal. We 
also operate 4 GE 1.5-T MRI units and 3 CT scan- 
ners. Contact Barry Goldberg, M.D., regarding this 
program. (2) Cardiovascular/interventional—this 
division is housed in a new suite containing Philips 
angio units with DSA and performs the full range of 
vascular and nonvascular interventional procedures. 
Contact Geoffrey Gardiner, Jr., M.D. (3) Neuro/ENT 
radiology—very active clinical services supply a 
wealth of material to this division, which is housed in 
a neurosciences imaging center containing all imag- 
ing modalities. Contact Carlos Gonzales, M.D. (4) 
Breast imaging—Jefferson’s new breast-imaging 
center performs approximately 85 studies/day in- 
cluding ultrasound and needle localizations. Con- 
tact Stephen Feig, M.D. (5) Chest—includes biop- 
sies and CT. Contact Robert Steiner, M.D. (6) 
MRI—a dedicated body MRI program including ex- 
cellent research opportunities in addition to a large 
Clinical case load. Contact Donald Mitchell, M.D. (7) 
Ultrasound—a dedicated ultrasound program. Con- 
tact Barry Goldberg, M.D. (8) Musculoskeletal— 
includes MRI of the musculoskeletal system. Con- 
tact David Karasick, M.D. All program directors 
listed above can be contacted at the Dept. of Radi- 
ology, Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107. Jefferson is an equal opportu- 
nity/affirmative action employer. 1xc 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—A 1-yr fellowship program is 
available beginning July 1992 at Lehigh Valley Hos- 
pital Center in Allentown, PA. LVHC is a 492-bed, 
acute-care, university-affiliated hospital. The fel- 
lowship program offers training in CT (head and 
body), ultrasound, angiography (neuro and visceral), 
and interventional radiology. MRI experience is also 
available. For further information, contact Robert 
Kricun, M.D., Dept. of Radiology, Lehigh Valley 
Hospital Center, P. O. Box 689, Allentown, PA 
18105. 1-3c 


239 


FELLOWSHIP IN CARDIOVASCULAR/ 
INTERVENTIONAL RADIOLOGY—A 1-yr fellow- 
ship in cardiovascular/interventional radiology is 
available at the Dartmouth-Hitchcock Medical Cen- 
ter in Hanover, NH, beginning July 1992. DHMC is 
the major teaching component of Dartmouth Medi- 
cal School and is situated in a classic northern New 
England town. Training includes all aspects of 
diagnostic angiography (including neuro and pulmo- 
nary) and vascular and nonvascular interventional 
techniques. This includes IVC filter placement, 
atheroectomy, thrombolysis, biliary and urologic in- 
terventions, and biopsy and drainage procedures 
using multiple imaging modalities. We have a close 
working relationship with the depts. of vascular and 
general surgery. Approximately 2000 diagnostic and 
interventional procedures are performed per yr. The 
dept. will be moving to a new, tertiary-care, 429-bed 
hospital in fall 1991, equipped with 2 new, state-of- 
the-art, digital interventional suites and a 4-bed 
recovery room. Candidates must have completed 
an accredited diagnostic radiology residency pro- 
gram, must be certified or eligible by the ABR, and 
must be eligible for medical licensure in the state of 
New Hampshire. For further information, please 
contact Louis |. Juravsky, M.D., FRCPC, Dept. of 
Diagnostic Radiology, Dartmouth-Hitchcock Medi- 
cal Center, 2 Maynard St., Hanover, NH 03756. 
Dartmouth College is an equal opportunity/affirma- 
tive action educator and employer. 1xcp 


PEDIATRIC RADIOLOGY FELLOWSHIP POSI- 
TION—The Dept. of Radiology at Children’s Medi- 
cal Center, Dallas, Texas, has an unexpected open- 
ing for a pediatric radiology fellow beginning July 
1992. Applications are also being taken for July 
1993. The fellowship is for 1-2 yr. Children’s 
Medical Center is a 263-bed, tertiary-referral center 
for Texas and the regional states. The hospital has 
busy transplant, neurosurgical, pediatric surgical, 
and cardiothoracic surgical services that demand 
extensive interaction with the Dept. of Radiology. 
The general pediatric and various pediatric 
subspecialty services are staffed by superb private 
and university-affiliated pediatricians. The fellow- 
ship program includes intensive, hands-on training 
with a Phillips 0.5-T MR unit that has MRA, cardiac, 
and 3D functions with a dedicated 3D work station. 
The MR is 1 of the fastest growing pediatric sites in 
the country. Fellows also have intensive exposure 
to pediatric neuroradiology through CT and 
arteriography. A busy Hem-Onc service provides 
extensive training in the diagnostic evaluation of 
children with malignancies. Referral of patients from 
a wide area into the hospital's subspecialty clinics 
provides an opportunity to train in advanced pediat- 
ric interventional radiology. Last yr the dept. did over 
250 interventional procedures. Digital fluoroscopy 
and interpretation of plain radiographs is performed 
under the direct supervision of staff pediatric radiolo- 
gists. The staff radiologists have subspecialty train- 
ing in ultrasound, interventional radiology, 
neuroradiology, and nuclear medicine, in addition to 
fellowship training in pediatric radiology. Fellows 
receive training in neonatal radiology through the 
NNICU at Parkland Memorial Hospital, 1 of the 
largest neonatal ICUs in the country. Children’s 
Medical Center is an exciting and dynamic place to 
train. Salary and benefits are competitive, and 
flexible work schedules are available for parents 
with domestic demands. Send letter of inquiry to 
Nancy Rollins, M.D., Director of Radiology, Children’s 
Medical Center, 1935 Motor St., Dallas, TX 75235. 
An equal opportunity/affirmative action employer. 
1c 


FELLOWSHIP IN ULTRASOUND, BODY CT, AND 
MRI—July 1992 and July 1993. One-yr program 
featuring ultrasound, body CT, body MRI, and 
noninvasive vascular diagnosis. Send CV to, or for 
information contact, William Zwiebel, M.D., Dept. of 
Radiology, University of Utah Hospital, Salt Lake 
City, UT 84132; (801) 581-7553. 11-4c 
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FELLOWSHIP IN ULTRASOUND AND BODY CT/ 
MRI July 1, 1992—June 30, 1993, at Hahnemann 
University Hospital. State-of-the-art equipment, in- 
cluding ultrasound color-flow imaging, 2 GE 9800 
CT scanners and Signa 1.5-T MR, is provided. 
Applicants must have completed an approved resi- 
dency in diagnostic radiology and be board-eligible 
or certified. For inquiries, please contact Patricia 
Laffey, M.D., Dept. of Diagnostic Radiology, 
Hahnemann University Hospital, Broad and Vine, 
Philadelphia, PA 19102-1192; (215) 448-8722. An 
equal opportunity employer. 1—3cp 


FELLOWSHIP IN PEDIATRIC RADIOLOGY—The 
Dept. of Radiology, Bowman Gray School of Medi- 
cine, Wake Forest University, offers a 1-yr fellow- 
ship in pediatric radiology beginning July 1, 1992. 
Training will include conventional radiology, neona- 
tal radiology, ultrasound, CT, MRI, and interventional 
techniques. Facilities include digital fluoroscopy 
and PACS, ultrasound units with Doppler and color- 
flow Doppler capabilities, 6 CT units, and 3 MRI units 
(1.5-T). Opportunities to participate in both clinical 
and basic research, including PET scanning. Con- 
tact Thomas E. Sumner, M.D., Dept. of Radiology, 
Bowman Gray School of Medicine, Medical Center 
Bivd., Winston-Salem, NC 27157-1088. 1-3cp 


MR FELLOWSHIP, SAN FRANCISCO REGION— 
A6-mo or 1-yr position is available. Primary instruc- 
tor nationally recognized expert. Neuro emphasis, 
musculoskeletal and body work as well. Picker 1.5- 
T Vista with Beta-site applications. Teaching re- 
sponsibilities as desired. Close to San Francisco, 
wine country, and Tahoe skiing. Serious applicants 
contact Box Q96, AJR (see address this section). 
12-2cp 


INTERVENTIONAL MAMMOGRAPHY AND 
BREAST IMAGING FELLOWSHIP—The Univer- 
sity of Arizona is offering a flexible 1-yr fellowship in 
interventional mammography and breast imaging 
for 1992-1993. The section performs more than 
12,000 mammograms/yr and over 500 breast 
interventional procedures, including percutaneous 
stereotaxic breast needle biopsy, preoperative lo- 
calizations, and galactography. Equipment includes 
6 state-of-the-art mammographic units and 3 ster- 
eotaxic devices. The fellowship will include 20% 
academic/protected research time, and up to 4 mo 
could be spent in other areas of body imaging (CT, 
ultrasound, or MRI). We have active research 
programs including Clinical, basic science, and tech- 
nology assessment/outcome analysis research re- 
lated breast imaging. Other benefits include reloca- 
tion allowance, office space with computer, and 
funds to attend national meetings. Salary $37,500. 
Must be BC/BE. For further information, please 
contact Laurie L. Fajardo, M.D., Director, 
Mammography and Breast Imaging, University of 
Arizona, 1501 N. Campbell Ave., Tucson, AZ 85724. 
Application deadline is April 1, 1992. The University 
of Arizona is an equal opportunity/affirmative action 
employer. 1—3c 


A FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRI is available July 1, 1992, to June 30, 1993, 
at The New York Hospital-Cornell Medical Center. 
The dept. provides state-of-the-art equipment, in- 
cluding Acuson ultrasound, GE 9800 CT, and GE 
Signa 1.5-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrectal. 
Applicants should be ABR-eligible or certified. Send 
CV to Elias Kazam, M.D., Dept. of Radiology, The 
New York Hospital-Cornell Medical Center, 525 E. 
68th St., New York, NY 10021. 10-1c 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIPS AT ALBANY MEDICAL CEN- 
TER—The newly renovated and equipped Dept. of 
Radiology at the Albany Medical College and Center 
in Albany, NY, offers the following fellowship posi- 
tions each yr: (1) Abdominal Imaging—this feliow- 
ship encompasses all aspects of MRI, ultrasound, 
CT, and other advanced techniques in imaging the 
abdomen. Four state-of-the-art MRI and 4 CT 
scanners as well as 5 color Doppler ultrasound units 
are utilized daily. Contact James C. Peters, M.D. 
regarding this program. (2) Neuroradiology—This 
fellowship encompasses the full range of advanced 
neuro imaging including MRI, CT, angiography, and 
myelography. Contact William A. Wagle, M.D. (3) 
Angiography and interventional radiology—Three 
advanced angiographic suites are utilized daily fora 
full range of vascular and interventional procedures. 
Contact Mohammad S. Sarrafizadeh, M.D. All pro- 
gram directors listed above may be contacted at the 
Dept. of Radiology, A-113, Albany Medical Center, 
Albany, NY 12208; (518) 445-3277 or contact Mat- 
thew D. Rifkin, M.D., Chairman, Dept. of Radiology, 
A-113, at the above address. Albany Medical Cen- 
ter is an equal opportunity/affirmative action em- 
ployer. 1-12c 


FELLOWSHIP IN BODY CT/MRI/ULTRASOUND— 
The Dept. of Radiology of New York Medical College 
has 2 openings for a 1-yr imaging fellowship starting 
in July 1993. Westchester County Medical Center is 
a 650-bed, tertiary-care facility offering advanced 
training with state-of-the-art equipment. Equipment 
includes 2 Seimens Hi-Q’ CT scanners, GE Signa 
1.5-T MR, ISG 3D reconstruction console, and 6 
ultrasound imagers (Acuson and Diasonics). Appli- 
cants must have completed an approved residency 
in diagnostic radiology and must be board-eligible or 
certified. Please contact Michael S. Tenner, M.D., 
Professor and Chairman, Dept. of Radiology, New 
York Medical College, Valhalla, NY 10595; (914) 
285-8546. 1-3c 


NEURORADIOLOGY FELLOWSHIP—An unex- 
pected opening for a neuroradiology fellow is avail- 
able in the Dept. of Radiology at Thomas Jefferson 
University Hospital beginning July 1992. The Divi- 
sion of Neuroradiology has close clinical and re- 
search relationships with Jefferson’s very active 
neurology, neurosurgery, orthopedic surgery, and 
otolaryngology depts. Complete training in ENT 
radiology is part of this program. Six full-time faculty 
members currently staff this division. Clinical facili- 
ties include 2 dedicated CT scanners, a myelography 
room, a biplane angiography room with DSA, and 4 
GE 1.5-T MRI units. Contact Carlos Gonzalez, 
M.D., Director of Neuroradiology, 1009 Main Bldg., 
Thomas Jefferson University Hospital, Philadelphia, 
PA 19107; (215) 955-5447. Jefferson is an affirma- 
tive action/equal opportunity employer. 11—6c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 
musculoskeletal fellowship position for 1993 at the 
Cleveland Clinic Foundation (CCF). CCF is a 1000- 
bed, tertiary-care, teaching medical center with a 
large radiology residency program. Local, national, 
and international patients provide for an interesting 
and varied mix of bone pathology. Training includes 
all aspects of musculoskeletal radiology, including 
MR, CT, arthrography, biopsy, bone densitometry, 
and a large plain film experience. Fellowship in- 
cludes patient care, teaching, and research. There 
is a close working relationship with the orthopedic, 
rheumatology, and endocrinology depts. There are 
presently 4 musculoskeletal staff in the section. For 
further information, please contact Bradford J. Rich- 
mond, M.D., Head, Section of Musculoskeletal Ra- 
diology, Desk A-21, 9500 Euclid Ave., Cleveland, 
OH 44195; (216) 444-3931. 12-5cp 
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PEDIATRIC RADIOLOGY FELLOWSHIP— 
Egleston Children’s Hospital at Emory University 
offers a 1-yr fellowship in pediatric radiology begin- 
ning July 1, 1992. Training includes conventional 
radiography, digital fluoroscopy, ultrasound (includ- 
ing color Doppler), CT, nuclear medicine, MRI, 
neuroradiology, and interventional techniques. 
Egleston Children’s Hospital is a 225-bed, tertiary- 
care, pediatric hospital on the Emory University 
campus that performed 50,000 imaging studies in 
1990. The dept. is staffed by 7 pediatric radiologists 
and 1 pediatric neuroradiologist. Two fellowship 
positions are available each yr. The application 
deadline is April 1, 1992. Candidates must be 
board-certified or eligible in diagnostic radiology. 
For additional information, please address inquiries 
to Dr. Turner Ball, c/o Radiology, Egleston Children's 
Hospital, 1405 Clifton Rd., N.E., Atlanta, GA 30322- 
1101. Egleston Children’s Hospital is an equal 
opportunity/affirmative action employer. 12-3c 


ANGIOGRAPHY/INTERVENTIONAL RADIOL- 
OGY FELLOWSHIP—Because of an unexpected 
vacancy, New York Medical College offers a 1-yr 
fellowship to begin immediately. The program in- 
cludes training in all phases of diagnostic angiography 
and interventional radiologic techniques. Training is 
based at Westchester County Medical Center, a 
650-bed, tertiary-care center located on the medical 
college campus in a prestigious suburban setting 
only about 1/2 hr from New York City. Active 
participation in clinical management of patients is 
emphasized. Approximately 900 procedures were 
performed in 1990. Current research interests in- 
clude transmesenteric sclerosis of portal varices 
and hepatic arterial chemoembolization. A new 
digital interventional suite was opened in 1990. A 
digital biplane imaging suite is anticipated in 1991. 
Applications are also being accepted for a 1-yr 
fellowship to begin July 1, 1992. For additional 
information and application, contact Stuart Katz, 
M.D., Dept. of Radiology, New York Medical Col- 
lege, Valhalla, NY 10595; (914) 285-8388. 12-1c 


FELLOWSHIPS, DEPT. OF MEDICAL IMAGING, 
MEMORIAL SLOAN-KETTERING CANCER CEN- 
TER (MSKCC)—Excellent opportunity for intensive 
Clinical training and research at the Memorial Sloan- 
Kettering Cancer Center (a Cornell University Medi- 
cal College affiliate) located in New York City with 
competitive salary/benefits. Send inquiries to the 
following: Cross-Sectional Imaging—J. Caravelli, 
M.D., or R. Castellino, M.D. (MSKCC); Breast Imag- 
ing—D. Dershaw, M.D. (MSKCC); Nuclear Medi- 
cine—S. Larson, M.D (MSKCC). Integrated fellow- 
ships are available based at both New York Hospital 
(NYH) and MSKCC, during which the fellows rotate 
between the two institutions. Selection of applicants 
is done conjointly. Send inquiries to the following: 
Neuroradiology—G. Krol, M.D. (MSKCC) or R. 
Zimmerman, M.D. (NYH); Vascular/Interventional— 
J. Botet, M.D. (MSKCC) or T. Sos, M.D. (NYH), 1275 
York Ave., New York, NY 10021. 12-1cp 


FELLOWSHIP IN BODY CT/MRI AND ULTRA- 
SOUND—The Dept. of Radiology of New York Medi- 
cal College has 2 openings for a 1-yr imaging fellow- 
ship starting in July 1992. Westchester County 
Medical Center is a 650-bed, tertiary-care facility 
offering advanced training with state-of-the-art equip- 
ment. Equipment includes 2 Siemens Hi-Q CT Scan- 
ners, GE Signa 1.5-T MR, ISG 3-D reconstruction 
console, and 6 ultrasound imagers (Acuson and 
Diasonics). Applicants must have completed an 
approved residency in diagnostic radiology and must 
be board-eligible or certified. Please contact Michael 
S. Tenner, M.D., Professor and Chairman, Dept. of 
Radiology, New York Medical College, Valhalla, NY 
10595; (914) 285-8546. 12-1c 
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MRI FELLOWSHIP—The University of Chicago, 
Dept. of Radiology, is seeking candidates for a new 
1-yr fellowship (instructorship) program in clinical 
MRI to start July 1992. Six mo in all aspects of MRI, 
2 mo neuro MRI, and 4 mo practical experience in 
CT/UTS. Equipment includes 1.5-T GE Signa and 
Siemens units and 0.1-T Instrumentarium scanner. 
Interested BC/BE applicants should forward their 
CVs and 3 letters of recommendation to Dr. David N. 
Levin, Director of MRI, Dept. of Radiology—Box 
429, 5841 S. Maryland Ave., Chicago, IL 60637; 
(312) 702-6200, fax (312) 702-1161. Affirmative 
action/equal opportunity employer. 11—1cp 


RESEARCH FELLOWSHIP IN INTERVENTIONAL 
RADIOLOGY—A 2-yr position is available at Al- 
legheny General Hospital, a 746-bed teaching hos- 
pital in Pittsburgh, for a research fellow in an innova- 
tive program in interventional radiology research 
beginning July 1992. The fellow will participate in 
imaging studies directed at ablation of tumors in the 
liver, prostate, lung, and brain. Percutaneous meth- 
ods of removing herniated disks also are being 
pursued. Clinical responsibilities will be included as 
well as opportunities to pursue individual research 
interests. Candidates must be board certified/eli- 
gible in radiology. Please send CV to Dr. Gary Onik, 
320 E. North Ave., Pittsburgh, PA 15212. 11—4cp 


PEDIATRIC RADIOLOGY FELLOWSHIP—The 
Section of Pediatric Radiology at the University of 
Rochester Medical Center offers an ACGME-ac- 
credited, 1-yr fellowship in pediatric radiology begin- 
ning July 1, 1992. All imaging modalities are repre- 
sented, including conventional radiology, CT, ultra- 
sound, MRI, neuroradiology, interventional proce- 
dures, neonatal neurosonography, and nuclear im- 
aging. Opportunities in clinical and basic imaging 
research are offered. Candidates must be board- 
certified/eligible in diagnostic radiology. Interested 
candidates should contact Dr. M. A. Manuli, Chief, 
Pediatric Radiology Section, University of Roches- 
ter Medical Center, 601 Elmwood Ave., Rochester, 
NY 14642-8648; (716) 275-5100, fax (716) 271- 
8698. EOE, M/F. 11-1c 


ANGIO/INTERVENTIONAL FELLOWSHIP—The 
University of Chicago has an unexpected opening in 
our angio/interventional fellowship (instructorship) 
program for July 1992. The University of Chicago 
Hospital's exceptionally active clinical and academic 
programs provide a wide variety of case material. A 
second new biplane digital room was just installed 
as well as a 5-bed recovery ward. Interested appli- 
cants should call or forward their CVs to Dr. Chien- 
Tai Lu, Dept. of Radiology—Box 429, 5841 S. Mary- 
land Ave., Chicago, IL 60637; (312) 702-1607, fax 
(312) 702-1161. Affirmative action/ equal opportu- 
nity employer. 11—1cp 


IMAGING FELLOWSHIP (CT, ULTRASOUND, 
MRI)—William Beaumont Hospital, a 970-bed, mod- 
ern tertiary-care teaching and academic institution 
in southeast Michigan, offers a 1-yr fellowship in 
sectional body imaging. The fellowship will provide 
extensive clinical experience in body CT, ultra- 
sound, and MAI, including CT and ultrasound-guided 
procedures, conventional and color flow Doppler 
exams, and prostatic and endovaginal sonography. 
Ample elective time is also provided for other rota- 
tions of individual interest. Candidates must be 
board-certified/eligible in diagnostic radiology and 
have a valid Michigan medical license. Four posi- 
tions are available for July 1993. Salary and fringe 
benefits are highly competitive. For further informa- 
tion, write to Ali Shirkhoda, M.D., Chief, Imaging 
Division, William Beaumont Hospital, 3601 W. 13 
Mile Rd., Royal Oak, MI 48073; (313) 551-1001. 11- 
1c 


CLASSIFIED ADVERTISEMENTS 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 
musculoskeletal fellow position for 1993 at the Cleve- 
land Clinic Foundation (CCF). CCF is a 1000-bed, 
tertiary-care teaching medical center with a large 
radiology residency program. Local, national, and 
international patients provide for an interesting and 
varied mix of bone pathology. Training includes all 
aspects of musculoskeletal radiology, including MR, 
CT, arthrography, biopsy, bone densitometry, anda 
large plain film experience. Fellowship includes 
patient care, teaching, and research. There is a 
close working relationship with the orthopedic, 
rheumatology, and endocrinology depts. There are 
presently 4 musculoskeletal staff in the section. For 
further information, please contact Bradford J. Rich- 
mond, M.D., Head, Section of Musculoskeletal Ra- 
diology, Desk A-21, 9500 Euclid Ave., Cleveland, 
OH 44195; (216) 444-3931. 11-4cp 


FELLOWSHIP IN MAGNETIC RESONANCE IM- 
AGING at Central Massachusetts Magnetic Imag- 
ing Center, July 1993 through June 1994. CMMIC is 
a consortium of 3 area teaching hospitals (The 
Medical Center of Central Massachusetts, St. Vincent 
Hospital, and the University of Massachusetts Medi- 
cal Center) with clinical, research, and teaching 
responsibilities. CMMIC currently uses 2 state-of- 
the-art clinical 1.5-T GE Signa systems as well as a 
2.0-T GE Fremont CSI research system. The fellow- 
ship includes thorough training in MRI physics, im- 
aging principles, clinical applications, and image 
interpretation. Duties include interpretation of neuro, 
musculoskeletal, abdominal, pediatric, and cardiac 
studies, and participation in CMMIC’s teaching and 
research activities. Requirements include satisfac- 
tory completion of a 4-yr accredited radiology train- 
ing program and board-eligibility or certification. 
Please send inquiries to Ronald Ragland, M.D., 
Medical Director, CMMIC, Inc., 367 Plantation St., 
Worcester, MA 01605. 12—1cp 


CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY FELLOWSHIPS—The Johns Hopkins Hos- 
pital has a position open for its 1-yr CVIR training 
program beginning July 1993. The program has 
been redesigned to provide strong clinical experi- 
ence in a wide variety of vascular and nonvascular 
interventional procedures including angiography; 
angioplasty; percutaneous atherectomy; intravas- 
cular ultrasound; thrombolytic therapy; varicocele, 
tumor, and AVM embolization; caval filters; percuta- 
neous central venous catheter placement; percuta- 
neous abscess drainage; and complex urologic and 
biliary intervention, including percutaneous biliary 
endoscopy and biliary atherectomy for biopsy. In 
addition, daily morning conferences, a private CVIR 
patient admitting service, and a weekly vascular 
clinic strengthen the total patient care concept of this 
program. Superb interaction with both the vascular 
surgery and general surgery services help to facili- 
tate an understanding of the evaluation, care, and 
treatment of CVIR patients outside the dept. Re- 
search time for both clinical and laboratory sciences 
is available. The candidate will also participate in 
resident and medical student teaching. Our dept. is 
currently undergoing major renovations, with planned 
upgrades including a new room with a Siemens 
Angiostar, giving us 3 dedicated CVIR rooms and 2 
sharedrooms. Our division includes 6 full-time staff, 
19 dedicated technologists, and 5 full-time RNs 
performing over 12,000 exams/yr. Interested candi- 
dates should contact Floyd A. Osterman, Jr., M.D., 
Chief, Division of CVIR, The Johns Hopkins Hospi- 
tal, 600 N. Wolfe St., Baltimore, MD 21205; (301) 
955-5687. 12-—3cp 
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FELLOWSHIP IN MAMMOGRAPHY—The Emory 
University, Dept. of Radiology, offers a 6- or 12-mo 
fellowship in mammography. Approximately 17,000 
mammograms are performed annually through a 
600-bed university hospital, a 900-bed county hos- 
pital, and an outpatient clinic. Clinical activities 
would include extensive training in all aspects of 
mammography, breast ultrasound, stereotactic fine- 
needle aspirations, and biopsy. Candidates should 
be eligible for Georgia medical licensure. Contact 
Beth Kruse, M.D., Section of Radiology, The Breast 
Imaging Center, 1327 Clifton Rd., N.E., Atlanta, GA 
30322; (404) 248-4446. Emory University is an 
equal opportunity/affirmative action employer. 10- 
tcp 


MAMMOGRAPHY FELLOWSHIP— The University 
of Chicago has a fellowship (instructorship) position 
available for 1 yr beginning July 1, 1992. Facilities 
include 3 dedicated screen-film units at the hospital 
and 1 at a clinic. Space is being renovated for a 
comprehensive breast care center. A Fisher 
Mammotest is available for stereotactic breast bi- 
opsy. The University of Chicago has pioneered the 
stereotactic technique in this country. We also have 
a large research group involved in digital 
mammography/CAD (computer assisted diagnosis). 
Interested BC/BE applicants should call or forward 
their CVs and 3 letters of recommendation to Dr. 
Robert Schmidt, Dept. of Radiology—Box 429, 5841 
S. Maryland Ave., Chicago, IL 60637; (312) 702- 
3282, fax (312) 702-1161. Affirmative action/equal 
opportunity employer. 11—1cp 


IMMEDIATE OPENING, PEDIATRIC RADIOLOGY 
FELLOWSHIP—Position available for a 1- or 2-yr 
fellowship in pediatric radiology beginning July 1, 
1992, or July 1, 1993. Full training with abundant 
hands-on experience with all imaging modalities. 
Supported by strong Dept. of Pediatrics with a good 
mixture of patient material. Excellent teaching on a 
1-to-1 basis and ample opportunity for pursuing 
academic interests. Apply to Leonard E. Swischuk, 
M.D., Dept. of Radiology, The University of Texas 
Medical Branch, Child Health Center, C-65, 
Galveston, TX 77550; (409) 772-2096. UTMB is an 
equal opportunity M/F/H/V affirmative action em- 
ployer. UTMB hires only persons authorized to work 
inthe U.S. 11-1¢ 
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LNE USEF LHstuluce 


Radiology Review Course 


May 25-30, 1992 — Louisville 


- September 24-29, 1992 — Chicago 


OBJECTIVES 


è Improve basic knowledge and clinical skills in radiology 
è Assist residents and fellows to study efficiently 

è Prepare recent graduates to meet their next milestones 

è Provide practicing radiologists with a review and update 


METHODS 


èe HOME STUDY MATERIALS consisting of written questions 
with assignments and answers with explanations 

è SEMINAR with projection slides and syllabus 

è PRACTICE EXERCISES for your orals 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount,| "Accommodations were comfortable...."* 
not only from world-famous authorities, but from people who are relat vely unknown as well."* 


Radiologic Physics 
Radiation and Radiology 
X-rays and Imaging 
Fluoroscopy 
Tomography 

Computed Tomography 
Ultrasonography 

MRI 

Quality Assurance 


Chest 

Infiltrates and Cavities 
Nodules and Masses 
Mediastinum 
Cardiovascular 
Heart and Aorta 
Coronary Arteries 
Peripheral Arteries 
Echocardiography 
Nuclear Radiology 
Decay and Detectors 
Statistics & Instruments 
Radiopharmaceuticals 
Quality Control 
Endocrine Scans and Rx 
GI, GU, Bone and Brain 
Liver, Spleen and Lung 
Ga, In and Heart 


Mammography 


Name 
Address 
City/State/Zip 


Phone 


Mail today to: 


1094 Dawn Lane, Dept. 201 


P.O. Box 2218 
Terre Hante IN 4780? 


Limited Enrollment: RADIOLOGY REVIEW REGISTRATION 














Gastrointestinal 
Esophagus and Stomach 
Small Bowel and Colon 
Liver and Gallbladder 
Pancreas and Spleen 
Genitourinary 
Kidney and Ureter 
Bladder and Pelvis 
Abdominal Ultrasound 
Pelvic Ultrasound 


Bone and Joints 
Tumors and Trauma 
Metabolic and Endocrine 
Infection 

Dysplasia 

Articular Disorders 
Neuroradiology 

Skull and Contents 

Spine, Disc and Cord 
Temporal and Facial Bones 
Sinuses, Larynx and Neck 


Pediatric 

Pediatric Chest 
Cardiovascular System 
Gastrointestinal Tract 
Genitourinary Tract 
Bones and Joints 
Central Nervous System 


For: (] May 25-30, 1992 — Louisville 
O Sept. 24-29, 1992 — Chicago 

O Check enclosed for $ 

[1 Please send FREE SAMPLE 


COURSES AND LOCATION: These 
courses are designed, scheduled and located to 
serve the needs of radiology residents and 
recent graduates. Home study questions are 
sent upon registration. The courses include 
both lectures and question sessions — faculty 
and students both questioning and answering 
in practice for what will follow. Spring 
courses are more clinical, and fall courses are 
more written-oriented. Your best value is to 
repeat the seminar for half price. The hotels 
will be selected in competitive bidding for the 
best possible combination of good rates and 
excellent study environment. 


"and those little extras...."* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 548-8185 for special group fares. 


"the most education for the money."™ 
FEES AND COURSE HOURS: 


Physician or Resident: Phy. Res. hrs. 
è May 25: Radiologic Physics $135 $ 90 10 


è May 26-30: Clin. Rad. $660 $440 50 
e May 25-30: Full Course $750 $500 60 

Repeating within 2 years: $375 $375 60 
è Mock oral exams: $ 70 $ 70 1/2 


è Private mock orals: $100 $100 1/2 

è Add 10% within 10 days of the course. 

è Attendees not in course hotel add $20/day. 

è $50 will reserve your positon. 

è Most home study material will be mailed after 
half of the registration fee is received. 


"home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds will 
be made until the seminar begins. 

è Cancellation after mailing home study ma- 
terial requires retention of half the fee. 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 


* CaAmmonte hy nact Ocler narticinantsc 






February 15 - 21, 1992 


Real-time Doppler Color Flow 
Imaging Fundamentals 

e Principles and pitfalls of 
real-time color flow imaging 

e Strategies of color coding 

¢ Doppler Artefacts 

e Biologic effects of ultra- 
sound 


Cerebrovascular Sonography 
e Real-time color flow imaging 
of the carotid bifurcation 

e Aortic arch branches and 
vertebral arteries 

e Carotid plaque morphology 
e Intra-operative monitoring 

e Late post-op monitoring 
Transcranial Doppler 
Sonography 

e Current status of TCD 

e Prediction of stroke with 
TCD 

e Intraoperative monitoring 

e Extracranial Duplex vs. TCD 


Peripheral Arterial Disease 
e Real-time color Doppler in 
peripheral arterial disease 
e Scanning for aortoiliac 
occlusive disease 

e Abdominal aneurysm 


6th SAN DIEGO SYMPOSIUM ON VASCULAR DIAGNOSIS 


Sheraton Harbor Island Hotel, San Diego, California 


SYMPOSIUM TOPICS 


screening in the vascular lab 

e Pre-angioplasty and pre- 
operative evaluation 

e Evaluation of trauma and 
emergencies 

e Quantitative plethysmography 
e Evaluation of upper extremity 
ischemia 

e Intra-operative and comple- 
tion screening for PAD 

e Angioscopy and angiography 
as completion alternatives 

e Screening after surgery 

e Quantitative diagnoses from 
Doppler information 


Abdominal Sonography 

e Renal artery 

¢ Pitfalls in renal arterial 
studies 

e Natural history of renal artery 
stenosis 

e Renal parenchyma and 
transplantation 

e Mesenteric and coeliac 
vessels 

e Pitfalls in mesenteric and 
coeliac sonography 

e Liver, incl. portal vein and 
transplantation 





Venous Sonography 

e Natural history of minimal 
calf DVT 

e DVT in the lower extremity 
with real-time color 

e Significance of a negative 
duplex scan 

e Quantitation of lower 
extremity venous disease 

e Significance of free-floating 





venous thrombi 

Pitfalls in saphenous vein 
mapping 

e Upper extremity venous 
imaging 

e Rationale and results of 
thrombolytic therapy for deep 
vein thrombosis 


New Applications and 
Directions in Vascular 
Diagnosis 

e Current status of 
endovascular Doppler 
technology 

e Magnetic resonance 
imaging and angiography 

e Doppler contrast agents 

e Three-dimensional Doppler 
e Volume flow estimations 

e Current status of TcPO2 and 
laser Doppler studies 

e Arterial wall thickness 
studies with high resolution B- 
mode 

e Histology and arterial wall 
changes with atherogenesis 

e Quality control in the 
vascular lab 

e Accreditation of the vascular 
lab 





TUTORIALS AND BASIC WORKSHOPS 


Each of the three half day tutorials will include a basic physician 
lecture, a basic technologist lecture, and a basic workshop. 


Subjects include: 


e Basic Cerebrovascular Testing — Sat. am, February 15 
e Basic Peripheral Arterial Testing — Sat. pm, February 15 
e Basic Peripheral Venous Testing — Sun. am, February 16 





ADVANCED WORKSHOPS 
Details of technical operation 
of instruments and interpreta- 
tion of data with opportunities 
for discussion. 

Symposium registration 
includes three advanced 
workshops. 


SYMPOSIUM DIRECTOR 
Eugene F. Bernstein’ 
Scripps Clinic 

and Research Foundation 


INVITED FACULTY 

Rob G. A. Ackerstaff 

St. Antonius Hospital, Utrecht, 
The Netherlands 

James P. Bagian 

NASA, Houston 

Dennis F. Bandyk* 

Medical College of Wisconsin 
Kirk W. Beach 

University of Washington 

M. Gene Bond 

Bowman Gray School of Medicine 
John J. Cranley 

Good Samaritan Hospital, 
Cincinnati 

David L. Dawson 

University of Washington 
Ralph B. Dilley* 

Scripps Clinic 

and Research Foundation 
Bernardus C. Eikelboom* 
University Hospital, Utrecht, 
The Netherlands 

Arnost Fronek* 

University of California, San Diego 
William R. Flinn 
Northwestern University 


INSTRUMENTATION EXPO 
An exposition of the most 
modern and sophisticated new 
techniques for diagnostic 
studies of the vascular system. 


Seymour Glagov 
University of Chicago 
Edward G. Grant* 
University of California, 
Los Angeles 

Lazer J. Greenfield 
University of Michigan 
Charles B. Higgins 
University of California, 
San Francisco 

Jack Hirsh 

McMaster University Medical Center, 
Hamilton, Ontario 

E. Meredith James 

Mayo Clinic 

Kaj Johansen 

University of Washington 
Richard F. Kempczinski 
University of Cincinnati 
Richard I. Kitney 

Imperial College, London 
Ted R. Kohler 

University of Washington 
Frederick W. Kremkau 
Bowman Gray School of Medicine 
Robert Mattrey 

University of California, San Diego 
Christopher R. B. Merritt* 
Ochsner Clinic 

Jay P. Mohr 

College of Physicians and 
Surgeons, New York 


FOR INFORMATION: 
Vascular Diagnosis Registration 


Meeting Management 
5665 Oberlin Drive, 
Suite 110 

San Diego, CA 92121 


Marsha N. Neumyer 
Pennsylvania State University 
Andrew N. Nicolaides* 
St. Mary’s Medical School, London 
John W. Norris 

University of Toronto 
Shirley M. Otis 

Scripps Clinic 

and Research Foundation 
John M. Porter 

University of Oregon 
Pravin Shah 

Loma Linda University 

D. Eugene Strandness* 
University of Washington 
David S. Sumner 
Southern Illinois University 
Kenneth J. W. Taylor 
Yale University 

Brian L. Thiele* 
Pennsylvania State University 
Paul S. Van Bemmelen 
Southern Illinois University 
James S. T. Yao" 
Northwestern University 
Paul G. Yock 

University of California, 
San Francisco 

Brenda K. Zierler 
University of Washington 
R. Eugene Zierler* 
University of Washington 


Tel.: (619) 453-6222 
FAX: (619) 535-3880 





TUTORIAL AND WORKSHOP 
FACULTY 

Donna R. Blackburn, 
Workshop Director 
Northwestern University 
Cynthia B. Burnham 
University of North Carolina 
Paul A. Cardullo 

University of Massachusetts 
Ruth F. Cato 

Medical College of Wisconsin 
Kathy Cosgriff 

Oakland, California 

Ann M. Jones 

Montefiore Medical Center 
New York City 

Mira L. Katz 

Temple University 

Terrance Needham 

UMDNJ - New Jersey Medica! School 
M. Lee Nix 

University of Arkansas 

Jean Primozich 

University of Washington 
Ann K. Torruella 

Scripps Clinic 

and Research Foundation 
Lynn Thorpe 

St. Johns Mercy Medical Center 
St. Louis 

Brenda K. Zierler 

University of Washington 


* Organizing Committee 





REVIEW ARTICLES 


1 Caldwell Lecture. Respiratory problems of early life 
now allowing survival into adulthood: concepts for 
radiologists. Griscom NT 

9 The scintigraphic diagnosis of osteomyelitis. Schau- 
wecker DS 

19 Computed radiography in musculoskeletal imaging: 


state of the art. Murphey MD, Quale JL, Martin NL, à 


Bramble JM, Cook LT, Dwyer SJ III 

29 Duplex sonography of the cerebral arteries: efficacy, 
limitations, and indications. Zwiebel WJ 

37 Commentary. The future of carotid sonography. Merritt 
CRB, Bluth El 


CHEST RADIOLOGY 


41 Sclerotherapy of malignant pleural effusion through 
sonographically placed small-bore catheters. Morri- 
son MC, Mueller PR, Lee MJ, et al. 


BREAST RADIOLOGY 


45 The British Columbia Mammography Screening Pro- 
gram: evaluation of the first 15 months. Warren Bur- 
henne LJ, Hislop TG, Burhenne HJ 

51 Design and conduct of a low-cost mammography 
screening project: experience of the American Can- 
cer Society, Texas Division. Vogel VG, Peters GN, 
Evans WP 

55 Commentary. Low-cost mass screening for breast can- 
cer with mammography. Sickles EA 


GASTROINTESTINAL RADIOLOGY 


59 Commentary. Colonic contour changes in chronic ul- 
cerative colitis: reappraisal of some old concepts. 
Gore RM 

63 Case report. Intestinal stricture due to lap-belt injury. 
Shalaby-Rana E, Eichelberger M, Kerzner B, Kapur S 

65 Sonography with intraarterial infusion of carbon dioxide 
microbubbles (sonographic angiography): value ín 

differential diagnosis of hepatic tumors. Kudo M, 

Tomita S, Tochio H, et al. 

75 Case report. Splenic and hepatic peliosis: MR findings. 
Maves CK, Caron KH, Bisset GS lll, Agarwal R 

77 Case report. Intrahepatic cholangiocarcinoma: MR ap- 
pearance. Hamrick-Turner J, Abbitt PL, Ros PR 

81 Case report. Tiny echogenic foci in the liver and kidney 
in patients with AIDS: not always due to disseminated 
Pneumocystis carinii. Bray HJ, Lail VJ, Cooperberg PL 

83 Technical note. Percutaneous drainage of hydatid 
cysts: use of a new cutting device to avoid leakage. 
Saremi F 

87 Case report. Pleomorphic pancreatic sarcoma mimick- 
ing pancreatic pseudocyst: CT appearance. Laver- 
diere JT, vanSonnenberg E, Strum WB, Kuster GGR 


GENITOURINARY RADIOLOGY 


91 Symptomatic renal obstruction or urosepsis during 
pregnancy: treatment by sonographically guided per- 
cutaneous nephrostomy. vanSonnenberg E, Casola G, 
Talner LB, Wittich GR, Varney RR, D'Agostino HB 

95 MR appearance of the normal and abnormal vagina 
after hysterectomy. Brown JJ, Gutierrez ED, Lee JKT 


MUSCULOSKELETAL RADIOLOGY 


101 Chondromalacia patellae: diagnosis with MR imaging. 
McCauley TR, Kier R, Lynch KJ, Jokl P 
106 Commentary. Chondromalacia patellae. Hodler J, Res- 
nick D 
109 Diagnosis of pelvic fractures in patients with acute 
: pelvic trauma: efficacy of plain radiographs. Resnik 
CS, Stackhouse DJ, Shanmuganathan K, Young JWR 
113 Unstable Jefferson variant atlas fractures: an unrec- 
ognized cervical injury. Lee C, Woodring JH 
119 Pictorial essay. Hemophilia: evaluation of musculo- 
skeletal involvement with CT, sonography, and MR 
imaging. Hermann G, Gilbert MS, Abdelwahab IF 





PEDIATRIC AND FETAL RADIOLOGY 


125 Benign gaseous distension of the bowel in premature 
infants treated with nasal continuous airway pres- 
sure: a study of contributing factors. Jaile JC, Levin 
T, Wung JT, Abramson SJ, Ruzal-Shapiro C, Berdon WE 

129 Sonography of hypertrophic pyloric stenosis: frequency 
and cause of nonuniform echogenicity of the thick- 
ened pyloric muscle. Spevak MR, Ahmadjian JM, Klein- 
man PK, Henriquez G, Hirsh MP, Cohen IT 

133 Correlation between omphalocele contents and kar- 
yotypic abnormalities: sonographic study in 37 
cases. Getachew MM, Goldstein RB, Edge V, Goldberg 
JD, Filly RA 

137 Voiding cystourethrography in children: value of digital 

l fluoroscopy in reducing radiation dose. Cleveland RH, 
Constantinou C, Blickman JG, Jaramillo D, Webster E 

143 Pictorial essay. Hepatic masses in infants and children: 

CT evaluation. Jabra AA, Fishman EK, Taylor GA 


NEURORADIOLOGY 

151 Early angiographic and CT findings in patients with 
hemorrhagic infarction‘in the distribution of the mid- 
dle cerebral artery. Bozzao L, Angeloni U, per tianello 
S, Fantozzi LM, Pierallini A, Fieschi C 

158 Commentary. Hemorrhagic infarction: guilt by associ- 
ation? Pessin MS, Teal PA, Caplàn LR- x 

163 Subacute necrotizing myelopathy: MR imaging in four 
pathologically proved cases. Mirich DR, Kucharczyk 
W, Keller MA, Deck J 

170 Commentary. Necrotizing myelopathy. Kim RC 

173 MR contrast enhancement in brainstem and deep cer- 
ebral infarction. Elster AD 

179 Real-time sonography in ocular trauma. Kwong JS, Munk 
PL, Lin DTC, Vellet AD, Levin M, Buckley AR 


MR IMAGING 


183 MR lymphography with iron oxide particles: dose-re- 
sponse studies and pulse sequence optimization in 
rabbits. Hamm B, Taupitz M, Hussmann P, Wagner S, 
Wolf K-J 


INTERVENTIONAL RADIOLOGY 


191 The relationship between back pain and lead apron 
use in radiologists. Moore B, vanSonnenberg E, Casola 
G, Novelline RA 

195 A new electronically enhanced biopsy system: value in 
improving needle-tip visibility during sonographically 
guided interventional procedures. Perrella RR, 
Kimme-Smith C, Tessler FN, Ragavendra N, Grant EG 

199 Technical note. Use of hot-tip laser probes to recanal- 
ize occluded expandable metallic biliary endo- 
prostheses. Lossef SV, Druy E, Jelinger E, Fleischer D, 
Barth KH 


MEMO TO AUTHORS 


203 Preparation of manuscripts for radiology journals: ad- 
vice to first-time authors. Berk RN 
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A water-loving medium. 
And the advantages it brings. 


It has been suggested that 
water-loving contrast agents 
are less toxic than lipid-loving 
compounds, '* 

Hydrophilic agents attract 

water when injected into the 
bloodstream and the body per- 
ceives them as “friendlier” 
molecules’; they are less likely 
to cross the blood-brain bar- 
rier or to diffuse across the 
lipid bilayers of neural cell 
membranes.’ 

One measure of hydrophilic- 
ity is the octanol:water partition 
coefficient. By this standard, 
Optiray is the most hydrophilic 
of the nonionic media. 

The ordering of LD,, values 
is consistent with the ordering of 
octanol:water partition coeffi- 
cients. The most hydrophilic 
agent, Optiray, demonstrates 
the least intracisternal toxicity. 


—_——__—_——— 


Relative Toxicity and Hy drophilicity 
of Nonionics* 

LD. Partition 
Coefficients § 


Contrast Valuest 


Agents (mg I/kg (Octanol:Water 
Optiray >1,200 4 
lohexol 977 8 
lopamidol 800 19 


—— ee 
*Caution must be used to avoid drawing clinical 


conclusions based solely upon nonclinical data. 


tE rke arative acute intracisternal toxic ity in rats. 


§x10-*, 


(Higher LD,, value indicates 
less toxicity; lower partition 
coefficient indicates greater 
hydrophilicity.) 

With Optiray, you can expect 


avery low incidence of individual. 


drug-related adverse reactions.’ 
Optiray also offers the safety, 
convenience, and cost efficien- 
cy of the single-dose Ultrajects 
prefilled syringe. For more 
information, contact your 
Mallinckrodt Medical repre- 
sentative or call us toll free at 


(800) 325-3688. 


Nonionic 


Or TRAY 


loversol) 


The friendlier molecule 





All nonionic iodinated contrast 
media currently available inhibit 
blood coagulation, in vitro, less than 
ionic contrast media. Clotting has 
been reported when blood remains in 
contact with syringes containing non- 
ionic contrast he Therefore, 
meticulous intravascular administra- 
tion technique is necessary to mini- 
mize i ee A events. 


References: 
1. McClennan BL. Ionic and nonionic iodinated 
contrast media: evolution and strategies for use 


AJR. 1990; 155: 225-233 
2. Hilal SK, et al. Development and evaluation of 
a new water-soluble iodinated myelographic 
contrast medium with markedly reduced con- 
vulsive effects. Radiology. 1978, 126:417-422 
. Ralston WH, Robbins MS, Coveney J, Blair M 
Acute and subacute toxicity studies of ioversol 
in experimental animals. Invest Radiol. 1989;24 
(supp! 1):S2-S9. 
4. Benamor M, Aten EM, McElvany KD, et al. 
loversol clinical safety summary. Invest Radiol 
1989; 24 (suppl 1):S67-S72. 
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Please see adjacent page for brief summary of prescribing information. 


OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
34%) provides 339 mg of ioverso! with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
Organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
ot ioverso! with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
graphic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 
intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
if, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential. but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

in angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 


disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: \t is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioverso! 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 


Adverse Reactions 
> 1% = 1% 


System 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 

vomiting 

cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 

visual hallucination 


laryngeal edema 
nasal congestion 
sneezing 
coughing 

hypoxia 
periorbital edema 
urticaria 

facial edema 
flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 


Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory none 


Skin 


none 


Miscellaneous none 


occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

in addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and brochospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may Cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
inine and urea nitrogen. Rapid and complete return of function usually 
follows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loverso! does not bind to plasma or serum protein and is therefore, 
dialyzable. 

The intravenous LD, 
17 (mice), and 15 (rats). 


DOSAGE AND ADMINISTRATION: Details on dosage 
SO IEE in the package insert. CONSULT FULL PACKAGE INSERT 
USE. 


values (g!/kg) for ioversol in animals were: 
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NOBODY'S LOOKING AT ANATOMY 
LIKE PICKER MR. 


You’ve just seen it for yourself. 


The images from our Vista® HPQ scanner 


are so clear they deserve a double take. 


The high contrast and exceptional detail 


generated by our RF-Spoiled FAST” 
acquisition technique let you capture 


entire parts of the body—for instance, a 


whole head—with submillimeter resolution. 


And submillimeter slice thickness. All in 
10 minutes or less. 

The ViStar “supercomputer changes 
your viewpoint, too. 

It allows you to instantly reformat 
Vista images —using multiple obliques, 
curved slices, surfaces and more —to 
precisely target the suspected pathology. 
And reveal anatomy as it’s never been 
seen before. 


Vista/ViStar from Picker. It’s the 





future of MR technology. No matter how 


you look at it. 

For more information on Picker’s 
Vista/ViStar at all field strengths, 
call us at 1 800 323-0550. Or write: Picker 


International, Inc., 595 Miner Road, 


Dept. CC, 
Cleveland, (i) PICK | R 
OH 44143. MORE THAN IMAGES. INSIGHT. 
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File MS1 
Meas. Date 
89 - 15 - 98 
Contrast Indx. 
8.98 
Speed Indx. 
8.39 
Base Fog 
8.25 
Max OD 
3.39 


"Strip 
Reference 








8 3 6 9 12 15 18 21 
Step Number 


FILM-PRO presentation of sensitometry data for a 21- 


step wedge (graphic and numeric analysis) 


1.55 Contrast Indx. 
1.25 
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1.37 Speed Indx. 
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8.27 Base Fog 
8.21 
8.15 
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Control Chart Limits 


Base Upper Lower 

Contrast Indx: 1.25 1.40 1.10 
Speed Indx: 1.07 1.22 0.92 
Base Fog: 0.19 0.21 0.17 


FILM-PRO presentation for comparison of processor 
Statistics 


FREE DEMONSTRATION DISC! Í 


Shows How Easy Film Processor Quality Control Can Be! 


Phone 516-741-6360, 

FAX 516-741-5414, or write 
and request FREE FILM-PRO 
disc #5042-44 

(specify 3.5” or 5.25" size) 


Help Wanted | 
POLIS [PRO 


The x-ray film processor 
quality control software program 
...that works for almost nothing! 


| 
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For Just Pennies A Day It Will... 


@ Perform x-ray film processor quality control IN 
SECONDS with any sensitometer and 
densitometer! 


@ Measure and analyze the data...generate 
comprehensive reports, control charts, 
corrective action forms, and more! 


@ Track performance for a virtually unlimited 
number of film processors! 


@ Helps you comply with ACR, JCAHO, and 
Federal/State QC requirements! 


Film-(Ppeo Features: 
@ User defined calculation modes and tolerances. 


m Analyzes and presents the data from 21-step 
sensitometric strips on the computer screen 
with graphics, and stores the data on disc. 


E When measured or calculated values are out 
of the established range, the computer 
automatically signals the user and offers 
helpful diagnostics on the computer screen 
to correct the problem. 


@ Multiple file mode for comparison of 
processor Statistics. 


E An extra user defined field for customization 
of processor control charts. 
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How can the VESS Chair help you 
do a better Swallow Study? 


The VESS Chair is an adaptive seating device for the Modified Barium Swallow Study. For reliable 
Swallow Study outcomes, proper patient positioning and alignment of the head and neck is 
necessary. The VESS Chair provides Departments of Imaging and Speech/Language Pathology 
with positioning capability to effectively assess the more difficult or mobility-impaired patient. 


The VESS Chair allows for both lateral and anterior-posterior viewing during 
videofluoroscopy. The VESS Chair’s ergonomic design, narrow size, tilting 
flexibility and transportability will reduce the time needed in the 
fluoroscopy suite and contribute to patient and staff safety. 










New Features Include - 
e |V Stand Holder 

i o Chart Holder 

= ° Oxygen Tank Holder 
e Foley Bag Holder 

e Removeable Arms 


CHAIRS, INC. 


WIDTH: 15-1/2 inches 
TOTAL HEIGHT: 50 inches 
TOTAL LENGTH: 52 inches 
ESTIMATED WEIGHT: 110 Ibs. 
4 - ROTATING CASTERS 


For More Information Call or Write To: VESS Chairs, Inc. 
1033 N. Mayfair Road; Suite 200; Wauwatosa, WI 53226 
(414) 476-2488 Fax (414) 259-0423 

Demonstration Video Available. 


2ND ANNUAL BREAST IMAGING CONFERENCE 


The Orlando Regional Medical Center and Medical Center Radiology Group are 
sponsoring the 2nd Annual Breast Imaging Conference, March 12-15, 1992 at Disney’s 
Yacht and Beach Club Resort, Lake Buena Vista, Florida. 


Program Director 
Anne K. Claiborne, M.D. 


Guest faculty includes 
Stephen A. Feig, M.D., Norman L. Sadowsky, M.D., and Edward Sickles, M.D. 


Category I Credit: 20 hrs. Fee: Physicians $425 and Radiologic Techs $225 


Information 
Continuing Medical Education 
Orlando Regional Medical Center 
1414 Kuhl Avenue 
Orlando, FL 32806-2093 
Telephone (800) 648-0450 
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Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 103 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229; FAX: (619) 459-8814 
Inquiries regarding reprints or permission to republish AJR 
material should be addressed to the publisher: 
Publications Department 
ARRS 
1891 Preston White Dr. 
Reston, VA 22091 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJA or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The following guidelines are based on instructions set forth 
in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988;108:258-265). 
Articles will be edited, however, to conform to the individual 
Style of AJR. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 


All 





sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

lf appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A13.) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 Xx 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 


The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and FAX number are given. 

A blind title page is included in each copy of the 
manuscript, giving only the title (without the authors’ names) 
for use in the review process. 


Abstract 


An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

Papers presented at a meeting are not cited in the 
reference list, but are cited parenthetically in the text (e.g., 
Smith DJ et al., presented at the American Roentgen Ray 
Society meeting, May 1990). After first mention, use (Smith 
DJ et al., ARRS meeting, May 1990). 

Inclusive page numbers (e.g., 333-335) are given 
for all references. 

Journal names are abbreviated according to Index 
Medicus. 

Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or fewer; when seven or more authors, the first 
three are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146: 1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Tables 


Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 


_______ Tables are numbered in the order in which they are 

chod in the text. 

Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 

All figure parts relating to one patient have the same 
figure number. 

Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
figures, labeling is done on a gummed label, which is then 
affixed to the back of the print. Never use labels on color 
figures, but write figure number on the back lightly in pencil. 
Never use ink on front or back of any figures. 

Authors’ names are not written on the backs of 
figures. 

Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
not broken or cracked. 

Images are uniform in size and magnification. 

Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
same size type. (Only glossy prints are acceptable.) 

Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 
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Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of four, unless the text is shortened 
accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 


Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. The abstract should be a short, introductory para- 
graph. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 












Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 

















Technical Notes 


A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 


of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 





Length. Maximum of five double-spaced, typewritten 


pages, including the references but not the title page or 
figure legends. 
References. Maximum of eight. 





quired. If headings are used, they should be a combination | 


Figures. Maximum of two, unless the text is shortened | 


accordingly. 
Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 








Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 





and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 


Format. All letters should be typed double-spaced on | 
nonletterhead paper, with no greeting or salutation. Name | 
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Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page and an abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 
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Hahnemann University 
PHILADELPHIA, PA 


CHAIRPERSON OF 
THE DEPARTMENT OF 
RADIOLOGY 


Hahnemann University invites nominations 
and applications for the position of 
Chairperson of the Department of Radiology. 


THE UNIVERSITY 


Hahnemann University is a modern academic health center in 
dynamic center city Philadelphia, PA with 4,000 employees, 2,000 
students, a staff of 300 house-staff officers, fellows and post- 
doctorates and a University Hospital with 616 beds, 176,935 
patient days, 276,153 ambulatory visits and 20,000-plus 
admissions. Hahnemann reflects a synergy of ongoing 
multidisciplinary research, medical education, and outstanding 
patient care, which translates into an inspiring and enriching 
career environment. 


THE DEPARTMENT 


The Department of Diagnostic Radiology has a staff of 15 
radiologists, 16 residents, and 60 other staff personnel. There are 
10 routine rooms, 6 fluoroscopy rooms, 3 special procedures 
rooms, in addition to mammography, ultra sound, CT, and MRI. 
During the 1990 calendar year, in excess of 116,000 procedures 
were performed. 


THE POSITION 


The position is at a full professorship level with responsibility for 
the overall administrative, clinical, and research duties for the 
department. The Chairperson is the chief academic and 
administrative officer for the department and is responsible for all 
medical students, residents, continuing education, investigational, 
and other activities. The position has a dual reporting 
responsibility to the Senior Vice President for Academic 
Affairs/Chief Academic Officer and to the Senior Vice President for 
Health Affairs/Hospital Director. 


QUALIFICATIONS 

The Chairperson of the Department of Radiology should be board 
certified in diagnostic radiology and eligible for the academic rank 
of Professor of Radiology. The candidate should have an 
international reputation both in clinical performance and 
research accomplishments in a subspecialty in diagnostic 
radiology. The candidate also should demonstrate evidence of 
administrative skills. A dynamic leader who is a role-model 
physician and skillful teacher is sought. Excellent communication 
skills are important for the maintenance of vital internal and 
external relationships. The department sustains a fully integrated 
clinical program in both the University Hospital and provides a 
productive balance of teaching, patient care, and research. The 
Chairperson will be expected to organize the department as a 
member of the overall academic and clinical team and be able to 
provide direct support to all the clinical areas of the University. 


APPLICATIONS/NOMINATIONS 
Applications, including letter of interest, current resume and 
salary history should be forwarded no later than February 1, 1992. 
All responses will be held in strictest confidence and should be 
addressed to: 


Myron Yanoff, M.D., c/o Sheila Katz, M.D. 
Chairman, Search Commi 


b ttee 
for Chairperson of Department of Radiology 


HAHNEMANN UNIVERSITY 
Mail Stop 435 
Broad and Vine Streets 
Philadelphia, PA 19102-1192 
Tel: (215) 448-1683; Fax: (215) 448-4781 
Hahnemann University is an Equal Opportunity, 
Affirmative Action Employer and invites and encourages applications 
from women and minorities. 





NEURORADIOLOGISTS 


Seeking board certified, fellowship trained, 
ASNR member interventional Neuroradiologist 
with extra training or experience in 
interventional procedures for tenure track fac- 
ulty position, Associate Professor to Profes- 
sor. Active university based neuroradiology 
fellowship training program in place. Salary 
and rank commensurate with faculty rank and 
experience. Applications will be accepted until 
April 15, 1992. Please contact: 


David O. Davis, M.D. 

Professor and Chairman 

Department of Radiology 

The George Washington University Hospital 
901 23rd Street, N.W. 

Washington, D.C. 20037 


The George Washington University is an 
Affirmative Action/Equal Opportunity 
Employer. 
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Reasonable hours, minimal weekend and call 
responsibilities. Excellent salary leading to full 
partnership. Great opportunity to enjoy career 
and life. Call, or submit CV to: 
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(800) 338-4798 outside CA 
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Moving beyond the experience gained with ionic 
gadolinium chelates, our research effort is aimed at 
developing new, nonionic Gd-ligand complexes with 
greater in vivo stability. This research effort is 
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CHIEF OF RADIOLOGY 
HARBORVIEW MEDICAL CENTER 


The University of Washington School of Medicine, Seattle, 
WA, invites nominations and applications for the position 
of Chief of Radiology at Harborview Medical Center, a 
University of Washington teaching hospital. We seek an 
experienced physician/administrator with strong commit- 
ment to academic radiology, patient care, and teaching. The 
candidate must be board certified by the American Board 
of Radiology and meet the academic requirements for 
Professor or Associate Professor at the University of Wash- 
ington School of Medicine. The individual chosen as Chief 


of Radiology will be responsible for all professional radio- 
logic and nuclear medicine services and must have vision, 
vigor, and will to build an academic radiology program 
commensurate with the mission of Harborview Medical 
Center. The University of Washington is an affirmative 
action, equal opportunity employer. Please send CV to: 


Richard K. Root, M.D. 
Professor of Medicine 
Chairman, HMC Radiology Search Committee 
University of Washington 
325 Ninth Avenue 
ZA-65 
Seattle, WA 98104-2499 
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Sonography, General Radiology and Fluoroscopy. 
Radiologists are also professionally affiliated with a 550- 
bed hospital in North Dallas and a smaller suburban 
hospital. 


The group’s philosophy includes a strong commit- 
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Candidate should be a sub-specialty trained 
radiologist with significant experience in interventional, 
imaging and/or pediatrics. For information regarding 
this position, please forward inquiry with curriculum 
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OR A. L. MONIOT, M.D. 
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Review Article 





Interventional Endoscopy of the Biliary and Pancreatic 
Ducts: Current Indications and Methods 


David J. Ott,’ John H. Gilliam IlI,? Ronald J. Zagoria,' and Garret P. Young’ 


The use of interventional endoscopy of the biliary and pan- 
creatic ducts has increased dramatically in recent years. Although 
choledocholithiasis is the most common reason for endoscopic 
treatment, other indications include pancreatolithiasis, cholangi- 
tis, biliary pancreatitis, papillary stenosis, sphincter of Oddi dys- 
function, and benign or malignant ductal strictures. Endoscopic 
sphincterotomy is the cornerstone of therapeutic endoscopy and 
often precedes the use of balloon and basket stone extractors 
and placement of stents and endoprostheses. Other endoscopic 
methods include the use of lithotripsy, placement of drainage and 
infusion catheters, and coupling with percutaneous techniques. 
Radiologists need to be aware of the expanding indications and 
variety of endoscopic methods available for treating biliary and 
pancreatic disorders so that they can understand when the pro- 
cedures are indicated. 


ERCP was introduced more than 20 years ago as a diag- 
nostic examination to evaluate pancreaticobiliary disease. 
Within a short time, endoscopic sphincterotomy was de- 
scribed, and therapeutic applications of this technique devel- 
oped rapidly. Interventional endoscopy of the biliary and pan- 
creatic ducts has expanded dramatically in recent years, while 
its diagnostic uses have decreased with the continued ad- 
vancements in cross-sectional imaging of the liver, biliary tree, 
and pancreas. Combined percutaneous and endoscopic ma- 
nipulation of the biliary tract also has become an important 
therapeutic option in managing difficult or complicated biliary 
problems. This review provides an update of the current 
indications and methods of interventional endoscopy of the 


biliary and pancreatic ducts, with emphasis on endoscopic 
sphincterotomy as the cornerstone of many of these thera- 
peutic applications. 


Indications 


The indications for interventional endoscopic techniques in 
the biliary and pancreatic ducts include choledocholithiasis, 
pancreatolithiasis, suppurative cholangitis, biliary pancreatitis, 
papillary stenosis, sphincter of Oddi dysfunction, and benign 
or malignant ductal strictures. The most common indication 
is choledocholithiasis, in part, because the reported morbidity 
and mortality rates from endoscopic treatment are lower by 
at least half than those described for surgical exploration of 
the common bile duct and stone extraction [1]. Endoscopic 
intervention is the treatment of choice for retained or recurrent 
stones in the common bile duct in patients who have had 
cholecystectomy, and is successful in 86-98% of attempted 
cases, with complete clearance of stones in the common bile 
duct in 85-90% of those patients [2]. However, endoscopic 
management of choledocholithiasis in patients with intact 
gallbladders remains controversial, although there is agree- 
ment that endoscopy is indicated in patients more than 50 
years old or in patients at increased risk for surgery [3]. Only 
a minority of elderly patients need cholecystectomy after 
successful endoscopic clearance of ductal stones [4]. 

Endoscopic treatment of choledocholithiasis is not recom- 
mended in patients less than 50 years old who have intact 
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gallbladders because of the potential long-term risks. Endo- 
scopic sphincterotomy reduces the bile-salt pool, most likely 
by increasing enterohepatic cycling of bile salts and decreas- 
ing the fraction of the pool stored in the gallbladder [5]. 
Conversely, in patients who have had cholecystectomy and 
who already have a smaller total bile acid pool, sphincterot- 
omy produces no further reduction. Bacterial colonization of 
the gallbladder and bile ducts after endoscopic biliary inter- 
vention is common, but is probably not important in the 
absence of ductal obstruction. These considerations are 
thought to be less critical in older patients, although in general 
long-term risks are most likely small [6-8]. The impact of 
laparoscopic cholecystectomy on the endoscopic treatment 
of ductal gallstones relative to the age of the patient and 
status of the gallbladder remains to be clarified [9]. 

Acute suppurative cholangitis and acute biliary pancreatitis 
with rapid clinical deterioration are more emergent indications 
for endoscopic intervention [10]. Severe sepsis can be re- 
versed and surgical risk improved in severely ill patients by 
endoscopic drainage. In some patients, simple placement of 
a nasobiliary drain without sphincterotomy can relieve biliary 
sepsis [11]. Also, dramatic clinical improvement in acute 
biliary pancreatitis may follow sphincterotomy [12]. An im- 
pacted ampullary stone is seen as a firm bulging ampulla, 
often with necrotic ulceration at its apex. When cannulation 
of the bile duct is impossible, electrocautery can be used 
directly over the stone to achieve an adequate sphincterotomy 
and promote ductal drainage. 

Papillary stenosis is an increasingly common indication for 
endoscopic treatment and is thought to occur after repeated 
passage of small biliary calculi, after surgical manipulation 
with Bakes dilators, or in association with periampullary 
diverticula [13, 14]. Endoscopic visualization can exclude am- 
pullary carcinoma, and directed biopsies and cytologic brush- 
ing may be done at the time of ERCP. Endoscopic sphincter- 
otomy has largely replaced operative sphincteroplasty for 
treating papillary stenosis, and both techniques achieve sim- 
ilar results. Papillary stenosis recurs in about 10% of patients 
treated by endoscopy, but is managed easily by repeating the 
procedure [2]. 

A variety of postcholecystectomy syndromes can be diag- 
nosed by using biliary manometry and can be treated by 
endoscopic methods [13, 14]. The mechanisms of sphincter 
of Oddi dysfunction are poorly understood. Patients can have 
sphincter spasm, papillary stenosis, relapsing pancreatitis, 
periampullary diverticula, or abnormal motility of the sphincter 
of Oddi. Biliary manometry is done with a special catheter 
passed through the duodenoscope. The catheter is attached 
to a low-compliance water-perfused system by using three 
ports, each 2 mm apart at the tip. The catheter is placed in 
the distal portion of the common bile duct, then slowly with- 
drawn while pressure readings are obtained. The average 
normal pressure in the sphincter of Oddi is 8 mm Hg greater 
than the intraduodenal pressure. Patients with pressure dif- 
ferentials of 40 mm Hg or more between the sphincter and 
duodenum are defined as having sphincter of Oddi dysfunc- 
tion [14]. When combined with symptoms of biliary colic, 
biliary tract dilatation with delayed emptying after cholangi- 
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ography, elevations in alkaline phosphatase or bilirubin levels, 
or a combination of these features, biliary manometry can be 
used to diagnose sphincter of Oddi dysfunction. An unusual 
group of patients with sphincter of Oddi dysfunction has only 
idiopathic relapsing pancreatitis. Properly selected patients 
with any of these varied conditions may respond favorably to 
endoscopic intervention [13-15]. 

Benign or malignant strictures of the biliary and pancreatic 
ducts can be treated with endoscopic methods, which may 
be combined with percutaneous techniques. Benign biliary 
strictures usually result from injury to the bile duct during 
cholecystectomy and ductal exploration and, less frequently, 
from inflammatory disease due to stones and sclerosing 
cholangitis. Malignant biliary obstruction is most often caused 
by carcinoma of the pancreas. Endoscopic sphincterotomy is 
done to facilitate placement of indwelling stents and nasobili- 
ary catheters in patients with biliary obstruction [16, 17]. 
Hydrostatic balloon dilators and tapered dilators can be 
passed through benign or malignant strictures. Nonsurgical 
palliation and preoperative biliary decompression are options 
for relieving jaundice and its accompanying symptoms. Often 
the choice between endoscopic or surgical biliary decompres- 
sion is difficult, and the age and physical condition of the 
patient, location of the lesion, expected survival, and costs 
must be considered [18]. 


Methods 


A variety of interventional endoscopic methods have been 
developed and include endoscopic sphincterotomy, various 
balloons and baskets, intraluminal lithotripsy, laser applica- 
tions, assistance of extracorporeal lithotripsy, catheters and 
infusions, stents and endoprostheses, and coupling with per- 
cutaneous procedures. Endoscopic sphincterotomy is the 
cornerstone of these therapeutic techniques [2, 4] (Fig. 1). 
The side-viewing duodenoscope is passed into the second 
portion of the duodenum and aligned directly over the ampulla. 
A cholangiogram and a pancreatogram are obtained. If a 
sphincterotomy is definitely indicated, a sphincterotome is 
passed through the duodenoscope and advanced deeply into 
the common bile duct. Fluoroscopic confirmation that the 
sphincterotome is in the distal common bile duct is mandatory. 
A variety of sphincterotomes are available, all of them con- 
taining 20 or 30 mm of exposed wire for electrocautery (Fig. 
2). Once positioning in the common bile duct is confirmed, 
the sphincterotome is withdrawn until one half to one third of 
the wire is left in the ampulla. It is partially “bowed” by 
tightening the wire loop, and a sequential cut is made along 
the apex of the intramural segment of the intraduodenal 
portion of the choledochal sphincter and distal common bile 
duct. The length of the cut varies, according to the indication 
for sphincterotomy. 

When endoscopic sphincterotomy is done for choledocho- 
lithiasis, an attempt is made to size the opening to allow 
stone extraction. Bile duct stones are usually less than 10 
mm in diameter, and a sphincterotomy incision of this size is 
needed [19]. Stones 10-15 mm in diameter require a longer 
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Fig. 1.—Drawings show technique for endoscopic sphincterotomy. 

A, After sphincterotome is advanced fully into common bile duct, it is 
withdrawn until one half to one third of wire loop is inserted. 

B, Sphincterotome is lifted upward, and wire loop is slightly bowed to 
begin cut. 

C, Sphincterotomy is continued until hooding fold is reached. 

D, En face view of a completed sphincterotomy shows orientation of cut 
along apex of ampullary fold. 





Fig. 2.—Available sphincterotomes include ball-tip cannula (A), cone- 
tip cannula (B), over-the-wire sphincterotome (C), ball-tip sphincterotome 
(D), precut sphincterotome (E), and push-tip sphincterotome designed for 
Billroth Il anatomy (F). 


incision but can usually be extracted. Stones larger than 20 
mm need to be fragmented before extraction, as an incision 
of this length cannot be performed safely. The sphincterotomy 
incision can be sized by withdrawing the flexed sphinctero- 
tome through the opening or by passing balloon stone ex- 
tractors of 8-14 mm in diameter through the incision. The 
size of a sphincterotomy opening should be tested by using 
a balloon before extraction of larger stones in the common 
bile duct is attempted. 

When endoscopic sphincterotomy is performed for papillary 
stenosis or sphincter of Oddi dysfunction, the sphincterotomy 
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cut is done in the same manner and continued until a gush of 
bile is seen. This indicates that the sphincter fibers are fully 
cut. A long cut is not needed for these indications. When the 
reason for endoscopic sphincterotomy is facilitation for inter- 
ventional therapy of benign or malignant strictures, the sphinc- 
terotome cut can be even shorter, just to allow passage of 
10-French or 11.5-French stents or dilating catheters. 

Complications of endoscopic sphincterotomy vary with the 
techniques used and the experience of the operator, and can 
be classified into early and late types [20]. Early types include 
hemorrhage, pancreatitis, cholangitis, perforation, and basket 
impaction. Late complications are cholecystitis if the gallblad- 
der is intact, cholangitis, stone recurrence, and restenosis of 
the sphincteric region. In general, the overall complication rate 
has been 8-10%. Early complications in a compiled series of 
7729 attempted sphincterotomies included hemorrhage, 3%; 
pancreatitis, 2%; cholangitis, 2%; and perforation, 1% [20]. 
In that same series, the mortality rate was 1%. Retroduodenal 
perforation occurs most often, and treatment of the perfora- 
tion is controversial although fatalities have occurred [20]. 
Intraperitoneal perforation is rare. Late complications are 
more difficult to determine because follow-up may be incom- 
plete, and treated asymptomatic patients are restudied rarely. 

The usual method of removing stones after endoscopic 
sphincterotomy is by balloon extraction or metal baskets [21] 
(Fig. 3). Currently available extraction balloons inflate from 8 
to 14 mm in diameter and can be used to estimate the size 
of the sphincterotomy incision and to remove stones (Fig. 4). 
A balloon may not be effective in extracting stones if the duct 
is too dilated and the stone slips around the inflated balloon. 
Another potential problem is that balloons are fragile and may 
break. Baskets are the major alternative to balloon catheters 
for extracting stones (Fig. 5). Balloon dilators are also avail- 
able for treatment of strictures, especially before stent place- 
ment, and for sphincter of Oddi dysfunction that may be 
affecting the biliary and pancreatic ductal orifices. The Dormia- 
type basket or a variation of it is most often used to capture 
the stone. Stones can be difficult to trap, particularly if large, 
and impaction of the basket can occur, but this is infrequent 
and rarely a serious complication. 

Intraluminal lithotripsy and extracorporeal shock-wave 
lithotripsy (ESWL) also have been used to manage choledo- 








Fig. 3.—Devices for extracting stones from common bile ducts include 
Dormia basket with a flexible wire tip (A), standard Dormia basket (B), pig- 
tail end of nasobiliary catheter (C), and balloon stone extractor (D). 
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cholithiasis, especially when large stones are found in the 
common bile duct [21-23]. Direct intraluminal lithotripsy is 
performed with mechanical, electrohydraulic, or laser tech- 
niques. Mechanical lithotripsy is done by entrapping a stone 
in a modified Dormia basket, amputating the control handle, 
sliding a flexible metal sheath over the basket sheath, and 
forcibly retracting the basket against the metal sheath. This 
technique has been highly successful [24]. 

Electrohydraulic lithotripsy can be performed endoscopi- 
cally or percutaneously, but direct choledochoscopy is re- 
quired. The basic principle of electrohydraulic lithotripsy is the 
discharge of brief sparks into a fluid medium, producing an 
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Fig. 4.—A, Cholangiogram in an elderly 
woman with cystic duct remnant after cholecys- 
tectomy and retained stone (arrow) in common 
hepatic duct. 

B, Cholangiogram after sphincterotomy 
shows balloon (arrow) removal of stone was 
completed successfully. 


Fig. 5.—A, Cholangiogram shows a retained 
stone (6 x 9 mm) in lower end of common bile 
duct. 

B, Cholangiogram shows sphincterotome in 
vicinity of stone (arrow) that was removed sub- 
sequently with a basket. 


acoustic shock that will fracture crystalline structures. Saline 
perfusion is needed concomitantly, and flexible sheaths in 
various sizes deliver the sparks [25]. 

Laser fragmentation of ductal calculi has been developed 
more recently as a proposed method for reducing the size of 
stones. The neodymium-—yttrium aluminum garnet laser can 
fragment stones effectively in vitro, but the risk of damage to 
the bile duct is substantial [26]. The flash-lamp excited dye 
laser is a new technology that is highly effective for frag- 
menting biliary stones with minimal injury to the wall of the 
bile duct. In one series, the flash-lamp dye laser was suc- 
cessful in fragmenting stones in 23 of 25 patients who did 
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not respond to standard nonsurgical treatment [27]. No major 
complications occurred. Laser techniques appear promising 
and offer an alternative to surgery in patients with large stones 
in the bile duct that are difficult to manage with the usual 
methods. 

Experience with ESWL for large stones in the bile duct is 
extensive. A sphincterotomy and placement of a nasobiliary 
drain are required, and the highly specialized direct lithotripsy 
techniques often are not needed, if ESWL is available (Fig. 6). 
Studies from both Europe [28] and the United States [29] in 
which ESWL was used to treat choledocholithiasis have 


Fig. 6.—A, Cholangiogram via nasobiliary 
catheter before extracorporeal! shock-wave lith- 
otripsy (ESWL) shows large stone in lower end 
of common bile duct. Cystic duct remnant is 
present. 

B, On day after ESWL, second nasobiliary 
cholangiogram shows multiple smaller frag- 
ments. 

C, Endoscopic cholangiogram obtained 4 
days after ESWL shows stone fragments that did 
not pass spontaneously. 

D, Endoscopic cholangiogram shows frag- 
mented stones extracted with a 14-mm balloon. 


C 
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shown that the technique is highly successful with otherwise 
difficult, large stones in the bile duct. 

Biliary catheters with infusion of various types of materials 
also can be used to treat gallstones [11, 21]. These dis- 
solution techniques are done when large stones cannot be 
removed by the usual methods. After placement of a transhe- 
patic or nasobiliary catheter (Fig. 3C), perfusion with mono- 
octanoin, methyl tert-butyl ether (MTBE), or ethylene- 
diaminetetraacetic acid (EDTA) has been used for dissolution 
of stones. Monooctanoin is a cholesterol solvent used for 
direct dissolution of radiolucent gallstones located in the biliary 
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tract; it has only about a 50% success rate, and in many 
patients, severe diarrhea develops [21, 30]. MTBE can dis- 
solve cholesterol stones quickly and can be used in the 
gallbladder or biliary tract, but has many undesirable proper- 
ties, including handling of the ether, risk of hemolytic anemia, 
and irritation of the duodenum [31, 32]. Success in dissolving 
biliary tract stones with MTBE is limited and varied, although 
in one small series, stone dissolution was achieved in four of 
six patients [31]. EDTA may be useful for dissolving calcium 
bilirubinate stones, but further studies are needed. 
Endoscopic stents and percutaneous biliary drains are used 
in palliation for malignant biliary obstruction [17, 18, 33] (Fig. 








Fig. 7.—Devices used to treat malignant biliary obstruction include over- 
the-wire dilating catheter (A), coaxial stent placement assembly (Amster- 
dam-style stent with side flaps is positioned over a guidewire/ guide-sheath 
assembly; metal rings on guide sheath are for measuring stent length; B), 
and double pig-tail biliary stent (C). 
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7). Development of therapeutic duodenoscopes with larger 
instrumentation channels has allowed passage of larger 
stents, generally 10-French or 11.5-French in diameter (Figs. 
8 and 9). Compared with endoscopic sphincterotomy endo- 
scopic drainage is more difficult to accomplish, and consid- 
erable expertise is required. However, technical advances 
have been made, and endoscopic success rates have im- 
proved. After a flexible guidewire is inserted past the tumor, 
tapered dilating catheters are passed over the wire to dilate 
the obstruction. Sometimes, hydrostatic balloon dilators are 
needed. When an adequate lumen is achieved, a flexible 
sheath is passed over the guidewire. This is used as a coaxial 
system for placement of a stent, selected beforehand for a 
proper length. Stents of different calibers and lengths are 
available. The most popular is the Amsterdam-style straight 
stent with side flaps. Single or double pigtail stents can be 
used, alternatively. Ideally, the length of the stent is selected 
so that the top flap is above the stricture and the lower flap 
is just below the ampulla. 

Satisfactory achievement of internal biliary drainage can 
reduce the prevalence of cholangitis and improve the survival 
rate in patients with malignant strictures [34]. However, stent 
clogging is a major problem, with the occlusion occurring after 
a median time of 190-200 days [35]. This necessitates addi- 
tional interventional procedures for stent changes, generally 
3-4 months after initial placement. A new technique is emerg- 
ing that involves percutaneous or endoscopic placement of 
metallic prostheses, which expand to a diameter of 1.0-1.2 
cm [36, 37]. Compared with conventional endoprostheses, 
advantages of the metallic stents include small introducer 


Fig. 8.—A, Benign biliary stricture on endo- 
scopic cholangiogram in a 46-year-old woman. 

B, Cholangiogram shows stricture bridged 
with a 10-French, 9-cm stent. 
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Fig. 9.—A, Endoscopic cholangiogram shows 
a malignant stricture of common hepatic duct in 
a 73-year-old man. Note pancreas divisum. 

B, Cholangiogram shows a 10-French, 12-cm 
stent placed across stricture. 


A 


system, larger diameter, and smaller surface area; however, 
disadvantages include more difficult removal, shortening, and 
expense [38]. Questions concerning which type of stent 
provides more comfort to the patient and fewer replacements 
and complications remain unanswered. 

Endoscopic placement of stents is achieved in 70-80% of 
attempts [39]. Endoscopic access to the biliary tract is pref- 
erable to the transhepatic route because of fewer complica- 
tions [40]. Percutaneous drainage, however, may be required. 
Percutaneous placement of a small biliary catheter via a 
sheathed needle and passage of a guidewire that is then 
recovered endoscopically has improved success rates com- 
pared with those of endoscopic management alone [41]. 
Combining endoscopic and percutaneous techniques is useful 
after a failed attempt at sphincterotomy or endoscopic place- 
ment of a stent [31, 42]. A variety of techniques have been 
described, which allow innovative ways to deal with technical 
failures of interventional endoscopy of the biliary ducts. Per- 
cutaneous assistance has broadened the horizons of thera- 
peutic endoscopy by combining the best attributes of each 
approach [42]. 

In summary, rapid development and technical advances in 
the past decade have greatly expanded the use of interven- 
tional endoscopy of the biliary and pancreatic ducts. These 
advances have had a profound effect on the management of 
pancreaticobiliary disease. Although we have reviewed the 
current indications and techniques of biliary and pancreatic 
endoscopic intervention, developments in the next decade 
will most likely be as dramatic. Many of the techniques 
described are still evolving and new applications will emerge. 
Indications for interventional endoscopy need clarification, 
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such as the use of sphincterotomy in patients less than 50 
years old and treatment of those with an intact gallbladder. 
Sphincter of Oddi dysfunction and the role of biliary manom- 
etry need further study. Endoscopic and surgical options for 
biliary decompression, especially in malignant disease, remain 
unclear. Endoscopic techniques for removal, fragmentation, 
and dissolution of biliary stones will be improved and indica- 
tions better defined. Finally, cooperation between endoscop- 
ists and radiologists will most likely continue to increase, and 
guidelines for training and performance of the procedures will 
be developed. 
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Percutaneous Gastrostomy and Transgastric Jejunostomy 


Chia-Sing Ho' and Eugene Y. Yeung 


Gastrostomy for feeding or decompression of the stomach or 
small intestine can be performed by using surgical or percuta- 
neous, nonsurgical techniques. Although use of the surgical tech- 
nique is well established, recent interest has focused on the 
nonsurgical methods because of their lower rates of morbidity. 
Percutaneous gastrostomy by either the endoscopic or the fluo- 
roscopically guided Seldinger technique was introduced in the 
early 1980s. A number of technical modifications have been 
described, and sufficient clinical data have been accumulated 
and published to validate the safety of the percutaneous ap- 
proach. Several published studies compare surgical with nonsur- 
gical gastrostomy, but none compare the two percutaneous tech- 
niques. The purpose of this article is to review the current status 
of the fluoroscopically guided technique, its indications, and its 
results and to examine the relative merits of the surgical and 
nonsurgical techniques. 


Patients unable to take food by mouth for a prolonged 
period require nutritional support either enterally or parenter- 
ally. Although total parenteral nutrition (TPN) is effective in 
both inpatients and outpatients, its cost ($50,000-$150,000/ 
patient per year, depending on the complications) is prohibi- 
tive [1]. Furthermore, even with good nursing care, TPN 
involves the risk of serious complications, such as central line 
sepsis; thrombosis of the great veins; and fluid, electrolyte, 
and metabolic disturbances [2]. It is more suitable for short- 
term bowel resting and long-term nutritional support in pa- 
tients without adequately functioning small bowel. Enteral 
feeding is preferred in those with adequate small-bowel func- 
tion to absorb sufficient water, electrolytes, and nutrients 
from a normal or elemental diet. 
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Enteral feeding can be provided through either nasogastric, 
nasojejunal, gastrostomy, or jejunostomy tubes. Nasogastric 
intubation is simple but poorly tolerated when used long-term; 
it may potentiate gastroesophageal reflux and cause peptic 
esophagitis or aspiration of gastric contents [3]. In recent 
years, small-bore nasojejunal tubes with weighted tips have 
been used. Although better tolerated, they remain unappeal- 
ing to the patients and are easily occluded. The best method 
for long-term enteral feeding is directly through the stomach 
or jejunum by using gastrostomy or jejunostomy. 

Three methods of gastrostomy are currently available: sur- 
gical, endoscopic, and fluoroscopic (using the Seldinger tech- 
nique). Although it has been well established for over 140 
years and is technically simple, surgical gastrostomy involves 
an abdominal incision usually performed under general anes- 
thesia and is associated with significant morbidity; most pa- 
tients are malnourished and the gastrostomy heals poorly, 
Causing leakage and morbidity [4, 5]. Thus, there has been a 
trend toward nonsurgical gastrostomies. Percutaneous en- 
doscopic gastrostomy (PEG) was introduced in 1980 by Gau- 
derer et al. [6]. In PEG, the stomach is punctured percuta- 
neously and, with the aid of a gastroscope, a string is brought 
up out of the patient through the mouth. The feeding tube is 
attached to the string and pulled downward into the stomach 
and out through the anterior gastric and abdominal walls. 
Performed with the patient under IV sedation instead of 
general anesthesia, PEG reportedly has fewer complications 
than surgery has [7-9]. In 1983, another alternative to surgery 
was described [10-12], a method that uses the Seldinger 
technique under fluoroscopic guidance to percutaneously 
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place the feeding tube in the stomach and thence to the 
jejunum, if necessary (percutaneous transgastric jejunos- 
tomy). Unlike PEG, the fluoroscopically guided procedure 
seldom requires sedation except in children. 

Much clinical experience has now accumulated and several 
modifications to the fluoroscopic technique have been de- 
scribed. This review considers the indications for and current 
techniques of fluoroscopic gastrostomy and compares results 
and complications between the surgical and percutaneous 
techniques. 


Indications 
Nutritional Support 


Diseases of the esophagus are the most common reason 
nutritional support is required. These include abnormal peri- 
Stalsis associated with cerebrovascular accidents, anoxic 
brain damage, trauma, and neurosurgery. In such cases, 
neurologic deficits cause impaired swallowing with the risk of 
aspiration. Patients with recurrent head and neck tumors [13, 
14] and, less often, malignant esophageal obstruction also 
may require nutritional support. 

An important but less common indication for nutritional 
support is impaired intestinal absorption with a normal diet 
because of small-bowel diseases such as scleroderma, short- 
gut syndrome, radiation enteritis, or Crohn disease. However, 
these patients can frequently tolerate and absorb an elemental 
diet infused slowly to the small bowel through a percutaneous 
transgastric jejunostomy. Some patients placed on TPN later 
develop sufficient adaptive changes in the small bowel to 
revert to enteral feeding [1]. This change from parenteral to 
enteral nutrition is often prompted by repeated sepsis of the 
central venous line or other complications. Significant cost 
savings and health benefit can be accrued to this group of 
patients. 

On rare occasions, percutaneous gastrostomy can be used 
to provide enteral nutritional support for patients with anorexia 
nervosa, severe depression, and advanced malignancy [15, 
16]. 


Decompression of the Stomach or Small Intestine 


Patients with chronic small-bowel obstruction may benefit 
from drainage with large-bore (24- to 28-French) gastrostomy 
tubes [16], which obviates long-term nasogastric suction. 
This indication is more common in patients with carcinoma- 
tosis causing chronic intestinal obstruction. Occasionally, pa- 
tients with gastric carcinoma [17] may receive palliative de- 
compression from percutaneous drainage. 


Other Indications 


Innovative use of percutaneous gastrostomy has been 
reported in three unusual Clinical settings. First, it has been 
used successfully as a route for retrograde dilatation of a 
gastroplasty stoma constructed for weight reduction in mor- 
bidly obese patients [17]. The stoma had become too nar- 
rowed and antegrade dilatation was not possible. Second, 
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we have successfully used double percutaneous gastrosto- 
mies for both decompression and nutritional support in a 
young diabetic patient with intractable gastroparesis. In this 
patient, the tip of one tube was placed in the stomach for 
decompression, and the other tip was placed in the duodenum 
for delivery of enteral feeding at night. The two catheters 
were joined externally during the day to eliminate the need 
for a drainage bag. A third innovative indication is to divert 
bile into the duodenum in patients with an external biliary 
drainage catheter when attempts to internalize the catheter 
are unsuccessful [18]. 


Contraindications 


Most authors consider interposition of colon or liver be- 
tween the anterior stomach wall and the abdominal wall an 
absolute contraindication for percutaneous gastrostomy. 
Also, postoperative changes in the upper gastrointestinal 
anatomy may render the procedure difficult (after partial gas- 
trectomy and Bilroth Il gastroenterostomy) or even impossible 
(after gastric pull-up operation) [19, 20]. Marked ascites is 
another contraindication, although the procedure can be per- 
formed successfully in patients with mild or minimal ascites 
[16]. 

Coagulopathy should be corrected before attempting per- 
cutaneous gastrostomy. Severe varices in the stomach due 
to portal hypertension may significantly increase the risk of 
bleeding, and the procedure should be avoided if possible. 


Technique 


There is general agreement that preparation should include 
overnight fasting and, whenever possible, insertion of a na- 
sogastric tube. Interposition of colon or liver between the 
stomach and the anterior abdominal wall should routinely be 
excluded by both sonographic and fluoroscopic assessment 
of the upper abdomen. Some radiologists routinely give 1 mg 
of IV glucagon before gastric insufflation [21]. Others give it 
only to patients unable to keep the stomach distended with 
air, for example, patients with previous gastroenterostomy or 
partial gastrectomy. Sedation is seldom necessary in adults 
but is mandatory in infants and children, as is the use of 
restraint bands [22-24]. 

Although the trocar method reduces the need for serial 
dilatation and catheter exchange [25], this advantage is gen- 
erally believed to be insignificant. Most percutaneous gas- 
trostomies are performed with the Seldinger technique. A 
variety of needles (22- to 18-gauge with or without a Teflon 
sheath) have been used for the initial puncture of the stomach, 
but the 18-gauge size is used in most centers. Other needle 
types, such as the Mitty-Pollack needle, also have been used 
[26]. Once the stomach is entered, a suitable guidewire (0.45, 
0.63, or 0.96 mm) is introduced for subsequent dilatation of 
the percutaneous tract. The smaller guidewires, such as the 
0.45-mm Mandril guidewire (Cook, Bloomington, IN), have a 
long stainless steel shaft and a flexible tip. Opinions about 
the optimal site of placement and the size and type of the 
final feeding catheter differ. 
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For decompression, a large-bore 24- to 28-French Malecot 
catheter (Bard, Covington, GA) is inserted in one session [16]. 
Dilatation of the tract by use of serial dilators is followed by 
insertion of a 24- or 28-French peel-away sheath fitted on a 
dilator. The Malecot catheter is introduced via the peel-away 
sheath. For enteral feeding, a smaller catheter (10-French to 
14-French with a Cope loop device) is used [26, 27]. 


Percutaneous Transgastric Jejunostomy 


Some authors routinely place the feeding tube in the je- 
junum [15, 28], whereas others choose jejunal placement 
when the patient has significant aspiration [27]. Duodenal 
cannulation can be facilitated by the insertion of a coaxial 
metallic cannula into the catheter to act as a stiffener to 
facilitate its passage beyond the pylorus to the small bowel 
[29]. Most authors use feeding catheters with a self-retaining 
feature such as the Cope loop [30] or friction lock [28] to 
retain the catheter within the gastrointestinal lumen. The Cope 
loop can be fashioned at the end [15] or in the middle of the 
feeding tube [27, 30] and can be positioned in the duodenum 
[15] or stomach [27]. 


Modifications 


Intragastric balloon support [25].—Some radiologists find 
it desirable to reduce the compliance of the anterior gastric 
wall, which tends to retract from the puncturing needle, 
advancing catheter, or dilator. They have advocated placing 
in the stomach a 9-in. (23 cm) diameter balloon tied to a 16- 
French nasogastric tube. The balloon is distended with 500- 
1500 ml of a mixture of 30% Renografin and water. The 
inflated balloon supports the gastric wall and reduces its recoil 
when the stomach is punctured with either the trocar or the 
Seldinger method. After the procedure, the fluid in the balloon 
is aspirated via the nasogastric tube, and both balloon and 
tube are removed a few days later. The difficulty of introducing 
the balloon makes this unsuitable for routine use. However, 
it is useful in special situations, such as direct percutaneous 
jejunostomy [31], in which the balloon is advanced to the 
jejunum, and percutaneous gastrostomy in patients with par- 
tial gastrectomy [32]. 

Percutaneous gastropexy [33, 34].—Percutaneous gas- 
trostomy as described earlier differs from the surgical and 
endoscopic technique in that the serosa of the stomach is not 
fixed to the parietal peritoneum of the anterior abdominal wall. 
Fixation is believed by surgeons and endoscopists to be 
essential for adhesions to form and to minimize leakage from 
the stomach. A percutaneous method of gastropexy using T 
fasteners was described by Brown et al. [33]. A special 18- 
gauge needle with a 5-mm longitudinal side slot cut from the 
heel of the bevel is used to introduce the nylon T-fastener 
into the stomach. Four fasteners are introduced, one at each 
corner of a 2-in. (5 cm) square, and are then pulled up against 
the gastric wall so that it is apposed to the anterior abdominal 
wall. Percutaneous gastrostomy is then performed at the 
center of the square by using either the trocar or the Seldinger 


PERCUTANEOUS GASTROSTOMY 253 


technique. Other suture anchoring devices also have been 
described [34]. 


Results and Complications 


Most authors report a high technical success rate (98- 
100%) and a low rate of complications. The combined results 
on 635 patients from four large series, each with more than 
100 patients, are shown in Table 1. The complications are 
Classified as major and minor as defined by Shellito and Malt 
[5]. The mortality and morbidity rates were unevenly distrib- 
uted within the series, being much higher in one report [21] 
than in all others. This was attributed to a large number of 
debilitated patients in that series and the use of Foley cathe- 
ters, a practice that was later discontinued. The overall 
procedure-related mortality rate was 1% (5/635), which 
included two deaths from peritonitis and two from gastric 
hemorrhage. One patient died of myocardial infarction hours 
after an uneventful gastrostomy. 

Peritonitis is a serious complication requiring surgical treat- 
ment from which elderly and debilitated patients fare poorly. 
This complication results from either gastric leakage through 
the gastrostomy or from enteral nutrient being inadvertently 
infused into the peritoneal cavity through a gastrostomy tube 
displaced in the abdomen. However, neither Saini et al. [20], 
using the nylon T-fastener for gastropexy, nor O’Keefe et al. 
[16], using no gastropexy, reported complications due to 
peritonitis. Halkier et al. [15] and Hicks et al. [21] both 
reported complications due to peritonitis early in their experi- 
ence, but after minimal modifications to their techniques, this 
complication occurred much less frequently or not at all. Six 
patients had bleeding complications; five were in one series 
[21]. One patient had coagulopathy, which would normally 
have excluded him from the procedure; three had slow gas- 
trointestinal bleeding due to perforation of a vein, and one 


TABLE 1: Procedure-Related Complications of Percutaneous 
Fluoroscopically Guided Gastrostomy in 70 of 635 Patients 








Sl No. (%) of 
Complication Patients 
Overall procedure-related mortality rate 5 (1) 
Overall 30-day mortality rate 90 (14) 
Major complications 
Peritonitis requiring laparotomy 5 (1) 
Gastrointestinal hemorrhage requiring 
transfusion 6 (1) 
Deep stromal infection? 3 (0) 
External stromal leakage 9 (1) 
Aspiration 10 (2) 
Total 33 (5) 
Minor complications 
Abdominal pain without evidence of peri- 
tonitis 18 (3) 
Superficial stromal infection 10 (2) 
Pneumoperitoneum 2 (0) 
Erosion of catheter through viscus 2 (0) 
Total 32 (5) 





Note.—Combined results of four major published series [15, 16, 20, 21]. 
* Stromal refers to gastrostomy. 
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TABLE 2: Mortality and Morbidity Rates of Surgical, Endoscopic, and Fluoroscopic Gastrostomies 
SS SS Se ees =| ST ESS “ees ee es ee ee ee, 


No. of 30-Day 
Type of Gastrostomy Patients Mortality 
Surgical 
Wasiljew et al. [4] 147 6 
Ruge and Vazquez [36] 163 10 
Shellito and Malt [5] 424 NR 
Endoscopic 
Ponsky et al. [37] 307 NR 
Larson et al. [38] 314 16 
Foutch et al. [39] 120 4 
Fluoroscopic 
Halkier et al. [15] 252 14 
O'Keefe et al. [16] 100 15 
Saini et al. [20] 125 11 
Hicks et al. [21] 158 26 


Procedure-Related Morbidity Rate (%) 
Mortality Rate (%) Total Major Minor 
NR 16 6 10 
2 14 NR NR 
0 13 7 7 
0 6 NR NR 
1 16 3 13 
1 17 4 12 
1 6 2 4 
0 1D 0 15 
0 11 2 10 
2 18 6 12 





Note.—Unless stated specifically by the author, percentages are derived from data given in the corresponding article. Mortality rate includes deaths from disease 


progression. NR = not recorded. 


had delayed bleeding 10 days after the procedure, probably 
from catheter erosion of an adjacent vessel [35]. The other 
patient had acute bleeding after the procedure. This bleeding 
was due to diffuse gastritis related to steroid therapy for lupus 
erythematosus [21]. Blood transfusion was given in all six 
patients and five recovered; none required surgical treatment. 

Leakage around the stomal site was mostly related to the 
presence of ascites (eight of nine patients); only one patient 
had pericatheter leakage of gastric contents. Deep wound 
infection occurred in three patients, one of whom had dys- 
gammaglobulinemia. 

Minor complications occurred in 5% and are summarized 
in Table 1. Pneumoperitoneum occurred after repeated un- 
successful punctures. The air was resorbed in time. Catheter 
blockage and dislodgement were reported as complications 
by some authors but not others. 


Comparison with Surgical and Endoscopic Gastrostomy 
Surgical and Fluoroscopically Guided Gastrostomy 


No prospective study compares the fluoroscopically guided 
percutaneous technique with surgical gastrostomy. From 
published data (Table 2), the procedure-related mortality rate 
is similar for the two techniques: 0-2% for the fluoroscopic 
method [16, 21] and 0-2% for surgical gastrostomy [5, 36]. 
The overall complication rate for surgical gastrostomy varied 
from 13% to 16% [5, 36] and for fluoroscopic gastrostomy 
from 6% to 18% [15, 21]. However, fewer major complica- 
tions were reported with the percutaneous method than with 
surgical gastrostomy. A retrospective comparison of surgical 
gastrostomy in 100 patients with percutaneous transgastric 
jejunostomy in 133 patients also underscored the differences 
[40]. In this study, one patient from each group required 
laparotomy for peritonitis from gastric spillage. Overall, pa- 
tients with surgical gastrostomy had more surgical, nonsur- 
gical, and minor complications than did those with percuta- 
neous gastrostomy (Table 3). In particular, severe aspiration 
and peristomal infection were more prevalent among the 
surgical patients. Five surgical patients had peristomal infec- 


TABLE 3: Comparison of Complications of Surgical and 
Fluoroscopic Gastrostomy 





No. (%) of Complications 


Type of Complication In 100 In 133 
Surgical Fluoroscopic 
Procedures Procedures 
30-day mortality rate 12 (12) 10 (8) 
Complication requiring surgery 
Intraperitoneal leak 1 (1) 1 (1) 
Infusion of enteral nutrient 0 (0) 1 (1) 
Wound infection 5 (5) 0 (0) 
Aspiration requiring tracheos- 2 (2) 0 (0) 
tomy 
Total 8 (8) 2 (2) 
Nonsurgical complication 
Aspiration 8 (8) 0 (0) 
Myocardial infarct 3 (3) 0 (0) 
Retroperitoneal perforation 0 (0) 1 (1) 
Peritoneal irritation 0 (0) 2 (2) 
Bleeding from gastrostomy 0 (0) 1 (1) 


Total 11 (11) 4 (3) 
Minor complication 


Peristomal leakage and infection 14 (14) 1 (1) 





Note.—Reproduced with permission from Ho et al. [40]. 


tions that necessitated surgery and 13 had aspiration, with 
three resulting deaths and two patients requiring tracheos- 
tomy; no patient in the percutaneous group had similar com- 
plications. The aftereffect of general anesthesia and direct 
feeding into the stomach probably accounted for the higher 
prevalence of aspiration in the surgical group. Diverting en- 
teral nutrient to the jejunum reduced the likelihood of aspira- 
tion in the percutaneous group [41]. Poor wound healing after 
surgery in debilitated patients contributed to peristomal leak- 
age and infection. Peristomal leakage was not a serious 
concern in percutaneous gastrostomy because the feeding 
catheter fitted the gastrostomy, and diversion of nutrients to 
the jejunum avoided gastric distension, a factor contributing 
to leakage. 

Postprocedural myocardial infarction also occurred more 
frequently in the surgical than in the nonsurgical group. The 
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stress of surgery and general anesthesia was probably re- 
sponsible for the higher frequency of myocardial infarction in 
the surgical group. 


Fluoroscopically Guided and Endoscopic Gastrostomy 


Although surgical gastrostomy has been compared with 
PEG in several studies [7, 8, 36, 42-44], we are unaware of 
any study comparing the nonsurgical techniques. This may 
reflect the lack of expertise in both techniques within one 
institution. On the other hand, it may reflect lack of interest in 
such a study because of concern about its implications. 

Percutaneous gastrostomy by either technique is simple to 
perform. The success rate is similar in both, although PEG is 
contraindicated if an endoscopic light does not transilluminate 
the abdomen [44] and is less successful in patients with 
significant esophageal obstruction. A distinct advantage of 
PEG over the radiologic technique is that it can be performed 
at the bedside in critically ill patients [45]. On the other hand, 
PEG requires two operators, and the patient is given heavy 
IV sedation. The fluoroscopic method, however, is performed 
by one operator, and the patient usually requires no sedation. 

The complications of PEG and fluoroscopically guided gas- 
trostomy reported in major series are compiled in Tables 2 
and 4. The overall procedure-related mortality rate and com- 
plication rate are similar for both procedures. Wound infection 
and aspiration appear to be more prevalent with PEG than 
with radiologic gastrostomy. For example, comparison be- 
tween the largest published series of percutaneous fluoros- 
copically guided gastrostomy [15] and the largest series of 
PEG [38] shows wound infection was 7.5 times more frequent 
in PEG than in the fluoroscopic technique and that aspiration 
was five times more frequent. The difference in the frequency 
of these two complications exists but is less marked when 
the results of combined series are compared (Tables 1 and 
4). The differences are most likely related to the insertion of 
contaminated feeding gastrostomy tubes in PEG when the 
Ponsky-Gauderer or Sachs-Vine technique is used [39]. The 
use of prophylactic antibiotics has reduced the prevalence of 
but not eliminated wound infection [47]. 

The increased frequency of aspiration in PEG is due to the 
heavy sedation often used for endoscopy; in the fluoroscopic 
method, sedation is seldom used and the diversion of nu- 
trients to the jejunum probably reduces the likelihood of 
aspiration. Occasionally, necrotizing fasciitis, a severe wound 
infection accompanied by high fever, cellulitis, and edema, 


TABLE 4: Complications of Percutaneous Endoscopic 
Gastrostomy in 131 of 1338 Patients 


Complications No. (%) 
Wound infections 53 (4) 
Aspiration 40 (3) 
Stomal leaks 23 (2) 
Bleeding 5 (0) 
Gastrocolic fistula 5 (0) 
Peritonitis 5 (0) 


Note.—Compiled from 27 publications by Mamel [46]. 
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may complicate PEG and may lead to death [46, 48]. Other 
reported complications of PEG include gastrocolic fistula [37] 
and pressure necrosis of gastric mucosa from excessive 
traction of the internal bumper of the gastrostomy tube [49]. 
None of these complications have been reported with fluoros- 
copically guided gastrostomy. In two recent studies [13, 14], 
the results of two methods of percutaneous gastrostomy in 
patients with head and neck tumors were reported. Fewer 
complications were found in one study [13], in which the 
fluoroscopic method (9% of 55 patients) was used, than in 
the other [14], in which PEG was used predominantly (43% 
of 24 patients). 

The validity of comparing studies from different centers 
suffers from many deficiencies; for instance, the studies in- 
volve different patient demographics, levels of health, and 
indications for gastrostomy. Short of a well-structured, pro- 
spective, randomized study comparing the two nonsurgical 
methods of gastrostomy, any conclusion based on the litera- 
ture must be viewed with caution. Despite this, it is probably 
reasonable to attribute the reduced prevalence of aspiration 
and wound infection in fluoroscopic gastrostomy to the dif- 
ferences between the two techniques. 


Controversies 
Gastric vs Jejunal Placement 


Radiologists who favor jejunal placement of feeding tubes 
cite the high prevalence (38%) of pulmonary aspiration in 
patients with nasogastric or nasoenteral tube feeding [3, 50]. 
Experimental evidence suggests that nasogastric or naso- 
duodenal tube placement results in reflux of feeding material 
more than 50% of the time. However, when tube placement 
is distal to the ligament of Treitz, little gastric reflux occurs 
[41]. Percutaneous gastrostomy does not traverse the gas- 
troesophageal junction and by itself does not decrease lower 
esophageal sphincter tone. Recent evidence suggests, how- 
ever, that PEG adversely affects gastric emptying [51], which 
may increase the risk of aspiration. This also may apply to 
the fluoroscopic method of gastrostomy. It seems worthwhile, 
therefore, to spend a few extra minutes to achieve jejunal 
placement in order to prevent reflux and aspiration. 

Proponents of routine gastric placement argue for selective 
jejunal placement when evidence of reflux or aspiration is 
present [27]. This approach often saves the extra time and 
effort required for jejunal tube placement. 

Endoscopists also recognize the advantages of jejunal tube 
placement [52], and modification of PEG to accomplish this 
procedure has been described [53, 54]. However, results of 
this new approach were disappointing because of frequent 
dysfunction of jejunal tubes and continued aspiration in many 
patients [54]; the authors concluded that percutaneous en- 
doscopic jejunostomy in its current form was not recom- 
mended. On careful analysis, the jejunal tubes used were 
soft, small-bore tubes, much more prone to kinking and 
obstruction than those used for radiologic placement. Similar 
problems have not been reported with transgastric jejunos- 
tomy with fluoroscopic technique. 
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Another closely related issue is the optimal enteral diet and 
its cost—the regular vs elemental diet. At present, no data 
addressing this question have been published, and we are 
unaware of any significant clinical problems related to jejunal 
feeding. 


Gastropexy 


The need for gastropexy to minimize intraperitoneal spillage 
of gastric contents is most relevant in the first week of 
fluoroscopically guided gastrostomy. During this time, spillage 
of gastric contents in the abdomen is prevented by the 
gastrostomy tube [15, 55], which fits the gastrostomy snugly. 
Tube dislodgement may allow gastric contents to escape 
through the gastrostomy, contaminating the peritoneum and 
causing peritonitis. Alternatively, the dislodged tube may lie 
freely in the abdomen and may lead to infusion of nutrients 
into the peritoneal cavity and peritonitis. After the first week, 
a fibrous tract is formed around the gastrostomy tube [56], 
confining any gastric spillage and reducing the risk of perito- 
nitis, in much the same way as removal of a T-tube from the 
common bile duct is possible after surgery [49, 55]. 

Since the technique for percutaneous gastropexy was de- 
veloped [33, 34], its necessity has been debated [57]. Advo- 
cates argue that because gastropexy is fashioned in both 
surgical and endoscopic gastrostomy, there is no logical 
reason to exempt the fluoroscopic technique. Recently, gas- 
tropexy was used in percutaneous gastrostomy in 125 con- 
secutive patients without major complications [20]. This 
seems to have strengthened belief in its necessity. Several 
observations, however, cast doubt on the necessity for its 
routine use. 

First, despite gastropexy, both surgical and endoscopic 
gastrostomy can be complicated by gastric leakage and peri- 
tonitis [7, 8, 39, 40]. The low prevalence (0-1.3%) of perito- 
nitis due to gastric leakage in fluoroscopically guided gastros- 
tomy without gastropexy closely matches the prevalences 
reported for surgery and PEG. 

Second, gastropexy in PEG may cause rather than prevent 
complications [44, 49]. A modified method of PEG without 
gastropexy has been proposed by Chung and Schertzer 
[49]. They completed a prospective study [49] comparing 
conventional PEG (with gastropexy) and modified PEG (with- 
out gastropexy) and showed significantly fewer complications 
in the latter group (13 complications in 48 patients with 
conventional PEG vs one complication in 67 patients with 
modified PEG). They argued that the tension on the gastric 
mucosa created by gastropexy may actually cause necrosis 
and subsequently tube extrusion, bleeding, or peritonitis. 

Third, immediate removal of a 14-French catheter used for 
percutaneous gastrostomy by using the Seldinger technique 
in dogs had no untoward effect [55]. Several authors also 
have reported no ill effect after a failed gastrostomy with a 
10- or 12-French catheter [15, 31]. 

To date, most percutaneous fluoroscopic gastrostomies 
are performed without gastropexy. We believe that percuta- 
neous gastropexy is indicated in special situations such as 
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after partial gastrectomy and in children and that its routine 
use is a matter of preference. 


Ethical Considerations 


At a time when rising health costs and quality of life is a 
common and serious concern, any decision to institute a life- 
supporting system such as a feeding gastrostomy deserves 
careful consideration of its cost and benefit. Although such a 
decision is justified in patients expected to have a reasonable 
quality of life, many would question the wisdom of instituting 
it in those whose quality of life has been reduced to mere 
existence—the comatose or severely neurologically disabled 
patients. In reviewing 100 patients with serious neurologic 
disorders who had surgical feeding gastrostomy or jejunos- 
tomy, Heimbach [58] reported a 30-day mortality rate of 37% 
in the noncomatose group and 78% in the comatose group; 
the 6-month survival rate in the comatose group was 2%. 
Wilkinson and Pickleman [59] studied the long-term outcome 
of 67 patients with surgical gastrostomies and showed that 
no comatose patients regained consciousness after the pro- 
cedure. Because the procedure did not benefit the comatose 
patients, they advocated its use only when specially re- 
quested from the family after full discussion of its implications. 
Would these patients have benefited from a percutaneous 
instead of a surgical gastrostomy? No study that answers 
this specific question has been published. However, the eth- 
ical concern, in our view, is the same and deserves our serious 
consideration. 
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Tumor perfusion is of central importance to the clinical oncol- 
ogist because it has a direct effect on the success of cancer 
therapy. Yet determining whether a tumor is well or poorly per- 
fused is difficult without the use of invasive techniques, because 
the variables that affect tumor perfusion are poorly understood. 
Quantitative MR imaging of tumor edema may provide a means 
of characterizing tumor perfusion, of studying heterogeneity of 
perfusion within the tumor mass, or of monitoring changes in 
tumor perfusion after therapy. A combination of factors often 
results in production of a large amount of edema within cranial 
or extracranial tumors. Any tumor that is encapsulated, whether 
by a fibrous tumor capsule or by a structure such as the cranium, 
will have an elevation in interstitial fluid pressure because dissi- 
pation of fluid is hindered. Elevated pressure of interstitial fluid 
acts to occlude tumor capillaries, so edema can cause a striking 
reduction of tumor perfusion. Because MR imaging can potentially 
be used for quantitative imaging of tumor edema, it may provide 
a means of indirectly measuring tumor perfusion. 

A review of the literature suggests that diffusion-weighted MR 
imaging may be better than T1- or T2-weighted MR imaging for 
quantitative imaging of tumor edema. | do not propose that 
diffusion-weighted imaging can measure perfusion directly; 
rather | hypothesize that a diffusion-weighted image can be 
correlated with tumor edema. Because edema indirectly regulates 
perfusion through the mechanism of interstitial fluid pressure, | 
propose an indirect correlation between the diffusion-weighted 
image and regional tissue perfusion. If the relationship between 
tumor perfusion and the pharmacokinetics of chemotherapeutic 
agents is better understood, MR imaging of tumor edema may 
even aid in predicting the delivery of drugs to a tumor. 


Received July 5, 1991; accepted after revision October 4, 1991. 


Peritumoral edema is a widely recognized problem in the 
treatment of cranial malignancies [1], but it is increasingly 
apparent that edema is also a problem in extracranial tumors 
[2]. Edema acts to elevate interstitial pressure, which can 
produce a range of effects: Tumor perfusion may become 
inadequate and unpredictable; delivery of therapeutic agents 
to the tumor may be reduced; hypoxic foci of cells, which are 
inherently radioresistant [2], may develop; and mass effects 
of edema in the cranium can cause neurologic impairment [1]. 
If a technique could be developed for quantitative MR imaging 
of tumor edema, it might enable researchers to characterize 
the relationship between edema and tumor perfusion by using 
a noninvasive technique. 


Potential Mechanisms Generating Edema in Tumors 


A variety of factors result in substantial edema within 
tumors at any site. Transcapillary filtration forces are slightly 
greater than absorptive forces in most tissues, so circulatory 
fluids transude into the interstitial space at a low rate [3]. The 
flux of water and protein from blood to interstitium is normally 
balanced by the flow of lymph, which carries water and protein 
back to the bloodstream. However, tumors lack a lymphatic 
system, so the normal pathway of drainage is absent [2, 4]. 

This tendency toward vasogenic edema in tumors is com- 
pounded by several other factors: (1) Tumor capillaries are 
often more permeable than normal capillaries [2, 5-7]. For 
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example, the capillary filtration coefficient of a mammary 
adenocarcinoma was 10 to 1000 times higher than that of 
normal tissue, and within the range reported for filtration in 
glomerular capillaries [7]. (2) Tumor capillaries may be tem- 
porarily occluded [8, 9], as a result of cell growth in a confined 
space [10]. This leads to an elevation of blood pressure on 
the arterial side of the capillary bed and increased transuda- 
tion [11]. (3) Overproduction of extracellular collagen or muco- 
polysaccharides by tumor cells can lead to accumulation of 
polyanionic macromolecules in the matrix that become hy- 
drated because of Donnan forces [12]. (4) Disaggregation or 
digestion of extracellular matrix by tumor cells [13] can in- 
crease the osmotic effect of matrix macromolecules [14]. (5) 
Increased intracapillary diffusion distances in tumors can lead 
to a compromised bioenergetic state and cellular hypoxia [15], 
so cells may be unable to maintain normal osmotic gradients 
and may release osmotically active ions such as K* and Ca**. 
(6) Cell death and lysis may result in release of many proteins 
and other osmotically active molecules normally sequestered 
in the cell [16, 17]. 

A combination of these factors is likely to lead to substantial 
edema within a tumor. For example, in a patient with a brain 
metastasis, it was estimated that fluid was produced within 
the tumor at a rate of 3.9 ml/hr, which led to an edematous 
volume in the brain of 87.3 cm® [1]. Because edema produc- 
tion rate varies from one tumor to another, whereas resorption 
rate by normal brain is probably relatively constant, the vol- 
ume of peritumoral edema in brain probably reflects the rate 
of fluid production [1]. 


Effect of Edema on Perfusion and Bioenergetics in 
Normal Brain 


Vascular compression by edema fluid can have a profound 
effect on tissue blood flow and bioenergetics. Edema is a 
disturbance of volume equilibration that, in a constrained 
volume such as the cranium, must be compensated for by a 
reduction in other fluid and blood compartments [14]. When 
this compensation is inadequate, tissue pressure can in- 
crease, and studies of brain edema have shown a decrease 
of cerebral blood flow in edematous areas [18]. Because flow 
reduction can occur even with a relatively mild increase in 
intracranial pressure (ICP) and with adequate tissue perfusion 
pressure, it is likely that edema directly compresses capillaries 
[14]. 

The effect of edema on tissue perfusion and bioenergetics 
has been studied in detail in brain, where cranial edema is 
associated with stroke, hypertension, trauma, inflammation, 
AIDS, and intracranial tumors. For example, °'P MR spectros- 
copy was used in a standard model of cranial hypertension 
to examine the effect of pressure ischemia on brain bioener- 
getics [19]. Graded increases in CSF pressure were used to 
induce pressure ischemia while °'P MR spectroscopy was 
performed. A spectrum was acquired at a resting ICP of 0-5 
mm Hg, then ICP was raised in increments of 20 mm Hg by 
infusing fluid from a cisternal catheter. Cerebral perfusion 
pressure (CPP) of blood declined as ICP was raised (CPP = 
mean arterial blood pressure — ICP). Phosphocreatine was 
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generally maintained until the CPP reached 29 mm Hg and 
then declined rapidly to undetectable levels as CPP reached 
0. Loss of adenosine triphosphate began only when phospho- 
creatine was entirely exhausted [19]. This demonstrates that 
tissue pressure induced by edema can have a profound effect 
on brain bioenergetics. Interstitial fluid pressure (IFP) is anal- 
ogous to ICP and should have similar effects on tumor 
perfusion. 


Edema and interstitial Fluid Pressure in Tumors 


In any tumor that is well encapsulated (e.g., by a fibrous 
capsule or within the cranium), and in which interstitial fluid 
movement is hindered, tumor edema can lead to a striking 
increase in interstitial pressure [14]. This can cause decreased 
tumor perfusion by causing vascular occlusion, suggesting 
that quantitative imaging of edema may provide direct insight 
into tumor perfusion. 

In general, IFP in tumors is significantly higher than in 
normal tissues, even in tumors not constrained within the 
cranium [2]. IFP was measured in normal rat tissue, in two 
tumors implanted in ovarian tissue (“tissue-isolated tumors”), 
and in a tumor implanted subcutaneously [10]. IFP of normal 
muscle varied between 0.0 and 0.4 mm Hg, whereas IFP of 
dead tissue was 0 mm Hg. Mean IFP of tumors was 8.5 
(+5.1) mm Hg, and ranged from 2.7 mm Hg in a 0.5-g tumor 
to 22.8 mm Hg in a 5.0-g tumor. In subcutaneous tumors, the 
sharp increase in interstitial pressure began in the skin over- 
lying the tumor and plateaued at the skin-tumor interface. 
Within tissue-isolated tumors, pressures reached plateau val- 
ues at a distance of 0.2-1.1 mm into the tumor. IFP was 
elevated in 86% of all tumors studied. It has been estimated 
that an IFP of 10-15 mm Hg or more will cause vascular 
occlusion [10]. 

Preliminary data from human primary colorectal and breast 
carcinomas, and from metastases to the lung, liver, and lymph 
nodes, indicate that IFP in human tumors is significantly higher 
than in normal tissue [20], even though these tumors were 
probably not well encapsulated. Mean human tumor IFP was 
23.9 (+12.3) mm Hg in a series of 16 various tumors. Human 
tumor IFP ranged from 4 mm Hg in a small breast metastasis 
(19 cm°) to 50 mm Hg in a large lymph node metastasis (133 
cm) [20]. 

Elevated IFP in tumors is expected to result in a general 
reduction in tumor blood flow and development of necrotic 
regions in the tumor [2, 6, 10]. In addition, elevated IFP should 
Cause poor delivery of therapeutic agents, including hydro- 
philic chemotherapeutic agents, monoclonal antibodies, and 
biological response modifiers [2, 10]. IFP restricts delivery of 
therapeutic agents to tumors by reducing the access of blood 
to the core of the tumor, reducing the driving force for 
extravasation of fluid in the core of the tumor, and generating 
a convective net flux of fluid toward the periphery of the tumor 
[10]. 

Elevated IFP in tumors is also expected to result in a 
reduction in tumor bioenergetic state, whereas reduction of 
IFP should result in improved tumor bioenergetic state. Re- 
cent data on tumor bioenergetics, obtained by °'P MR spec- 
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troscopy of tumors, have shown that tumors typically show 
an increase in high-energy phosphates (adenosine triphos- 
phate and phosphocreatine) after therapy with cytotoxic 
drugs [21]. This phenomenon of tumor activation has been 
described in 9L gliosarcoma [22, 23], RIF-1 fibrosarcoma [24, 
25], and 36B-10 glioma [26] and may be a general phenom- 
enon in human tumors [21]. The mechanism behind tumor 
activation is unknown, but | propose that it results from a 
reduction of IFP in the tumor after treatment. Reduced IFP 
would permit an improvement in tumor perfusion, which would 
be expected to result in increased tumor oxygenation [23]. 
Changes in IFP in the tumor may be a general mechanism 
that accounts for reoxygenation of the tumor after therapy 
[26]. 


Potential Techniques for Quantitative MR Imaging of 
Edema 


Edema can cause contrast on MR images, and clinicians 
are often faced with the problem of discerning tumor from 
surrounding edema. Tissue T1 and T2 are generally depend- 
ent on water and protein composition, and pulse sequences 
sensitive to tissue relaxation characteristics can be used to 
differentiate tissues with abnormal water and protein com- 
position [27]. A simple two-compartment, fast-exchange 
model predicts that relaxation rate is inversely proportional to 
the fractional water content of tissue [27]. In cold-injury 
edema and in osmotic edema of the brain, water protons 
have longer T1 and T2 values than in normal brain [28]. The 
long proton T1 and T2 generally measured in tumors may 
simply reflect the presence of edema around and within the 
tumors. Thus, prolonged T1 and T2 may not be characteristic 
of tumors, but may simply be indicative of local edema asso- 
ciated with tumors [28]. In fact, T2-weighted MR images 
usually cannot be used to distinguish between brain tumor 
and edema in “normal” brain surrounding the tumor [29]. If 
edema itself is largely responsible for contrast in brain tumor 
images, it is likely that T1- or T2-weighted images will not be 
helpful for discriminating tumor from edema. 

Yet edema alone is not sufficient to explain contrast on T1- 
and T2-weighted images. T1 and T2 values from normal and 
diseased tissue often overlap, and variations in T1 and T2 for 
the same tissue from different healthy subjects may be larger 
than the differences between normal and diseased tissues 
[30]. Although the findings on T1-weighted MR images cor- 
relate directly with extracellular water volume and total water 
content, and also correlate inversely with intracellular water 
content in several experimental tumors [31, 32], conflicting 
evidence suggests that significant differences in T1 can occur 
without any change in water content. For example, in freshly 
excised mouse tissue, which varies in water content by less 
than 1%, the variation in T1 may be as much as 5% [27]. For 
human brain tumors, T1 is proportional to edema [33]. How- 
ever, a change in oxygen partial pressure is sufficient to alter 
T1 significantly [33], suggesting that T1-weighted imaging 
will not be adequate for accurate quantification of tumor 
edema. 
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The findings on T2-weighted MR images also correlate 
directly with extracellular water volume and total water con- 
tent, and inversely with intracellular water content in several 
tumors [31, 32]. As mentioned before, T2-weighted MR im- 
ages generally cannot be used to distinguish between brain 
tumor and edema in “normal” brain surrounding the tumor. 
This suggests that T2-weighted MR images are actually im- 
aging edema. However, in vitro differences in T2 in a range 
of cell lines are not completely explained by cell hydration 
[34]. 

Diffusion-weighted MR imaging, or intravoxel incoherent 
motion (IVIM) imaging [35-38], may be a better method to 
quantify edema. Edema represents an increase in the free 
water compartment of tissue, so production of edema should 
result in an increase in the apparent diffusion coefficient (ADC) 
of water. Because diffusion-weighted imaging is a spin-echo 
technique, it generates a more intense echo from protons that 
are undergoing less translational motion [39, 40]. Regions of 
tumor in which proton diffusion is elevated are therefore 
expected to contribute less signal (Fig. 1). Factors that permit 
increased proton diffusion in tumor are unknown, but could 
include vasogenic edema leading to an increase in the extra- 
cellular water compartment, where diffusion is less hindered 
by cell membranes; increased convective movement of fluid 
through necrotic regions of tumor; or cellular swelling permit- 
ting an increase in the root mean square path length of proton 
diffusion within cells [40]. 

Diffusion-weighted imaging has been used to discriminate 
necrotic from living tumor cells, as necrotic tissue usually 
allows greater diffusion than living tissue does [41]. However, 
in one study, diffusion-weighted imaging showed a significant 
increase in signal intensity in ischemic rat brain within 14 min 
of the onset of ischemia [42]. In contrast, on T2-weighted 
images, no changes in ischemic brain could be detected until 
2 hr after the ischemic injury. Increased signal intensity in 
diffusion-weighted imaging of ischemic brain is indicative of a 
regional decrease in apparent proton diffusion. This was 
hypothesized to result from either a decrease in the extracel- 
lular water compartment due to cytotoxic edema or a de- 
crease in the microscopic pulsatile movements of brain 
caused by blood perfusion [42]. 

Diffusion-weighted imaging can be used to generate an 
ADC image [43]. If diffusion-encoding gradients are weak, 
contrast in the ADC image will depend on magnetic suscep- 
tibility, perfusion, and restricted diffusion [41]. IVIM imaging 
[35-38] has been proposed as a way to measure capillary 
perfusion directly, but the method is equally sensitive to 
arterial blood flow, shunt flow, and convective fluid flow within 
the tissue of interest [44]. Thus, using IVIM imaging to meas- 
ure tissue perfusion is considerably more difficult than simply 
measuring ADC. In ADC imaging, the strength of the diffusion- 
sensitizing gradient is increased, so that image contrast be- 
comes primarily dependent on diffusion rather than perfusion 
[41]. 

Nevertheless, diffusion-weighted or ADC imaging is tech- 
nically rather difficult [41]. Persistent eddy currents arising 
from large pulse gradients can contribute to signal intensity 
even in the absence of diffusion [41]. Subject motion seriously 
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degrades ADC images even when gross motion is controlled, 
as small-amplitude pulsatile motion is also significant for ADC 
[41]. Finally, ADC imaging may be no more successful than 
T1- or T2-weighted imaging for separating tumor from sur- 
rounding edema. Some of the new fast imaging techniques, 
such as echoplanar imaging, are expected to be quite useful 
for diffusion-weighted imaging, as these techniques can min- 
imize the motion artifacts that plague ADC imaging [45]. 


Correlation of Diffusion-Weighted MR Imaging with 
Tumor Perfusion 


It has been hypothesized that tumor edema, with the 
associated increase in IFP, is the mechanism that limits tumor 
perfusion. Thus, quantitative MR imaging of edema may be 
correlated with tumor perfusion. This hypothesis is consistent 
with preliminary data, which show that large increases in the 
diffusion coefficient (D) of water can be associated with tumor 
progression and that D in tumors generally increases with 
increasing tumor malignancy [46]. For example, in normal 
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Fig. 1.—A-D, Series of proton im- 
ages acquired from a rat bearing a 
flank-implanted 9L gliosarcoma (2 cm 
in diameter). The rat was anesthetized, 
wrapped with a Faraday shield to ex- 
clude signal from body wall, and main- 
tained at 37°C during image acquisi- 
tion. Images were acquired at 2 T with 
a diffusion-weighted spin-echo image 
sequence, 1000/80 [39], initially with- 
out diffusion-sensitizing gradients to 
obtain a control image (A). Then, se- 
quential images were acquired with 
gradients applied (5 G/cm) along two 
different axes. Slice thickness was 4 
mm, with 400-um in-plane resolution 
across a 50-mm field of view, and im- 
age acquisition took less than 5 min. A 
difference is apparent between control 
image, acquired without gradients (A), 
and image acquired with a gradient ap- 
plied (5 G/cm) (B). Diffusion-sensitive 
image (B) shows a loss of signal in 
certain regions of tumor that indicates 
increased proton diffusion in these re- 
gions. Subtraction of control image (A) 
from diffusion-sensitive image (B) 
yields diffusion-weighted images (C 
and D), on which increased diffusion is 
apparent as dark areas. Diffusion- 
weighted images were acquired with 
gradients applied along two different 
axes: along x axis for C and along z 
axis for D. Gross histologic examina- 
tion of tumor showed that mass was 
formed of two nodules: a large nodule 
seen at bottom of images and a smaller 
nodule seen at top of the images. Dif- 
fusion-weighted images (C and D) 
show a region of relatively rapid diffu- 
sion in center of both nodules that may 
indicate central necrosis of nodules. 
Comparison of subtraction images (C 
and D) suggests that no significant an- 
isotropy of diffusion is present within 
tumor. 


murine mammary tissue, D = 0.34 — 0.35 (cm*/sec x 107°); 
in preneoplastic lesions, D = 0.44 — 0.67; and in mammary 
tumors, D = 0.70 [34]. In pure water, D = 2.38. In normal rat 
brain cortex, D = 0.78, and in intracranial 9L gliosarcoma, D 
= 1.32 [46]. D was measured in 9L gliosarcomas during 
tumor progression and after treatment with several different 
dosages of carmustine (BCNU). Tumor growth was accom- 
panied by an increase in D, consistent with increased forma- 
tion of edema during tumor progression. No significant 
changes of D could be detected in 9L gliosarcoma 1 day after 
treatment with BCNU (13 mg/kg), but at 3 days after treat- 
ment with BCNU (10 mg/kg), a significant decrease in D was 
seen [46]. 

The bioenergetic changes in 9L gliosarcoma observed dur- 
ing untreated tumor progression and after therapy with cyto- 
toxic drugs suggest that tumor perfusion declines during 
tumor progression and that BCNU treatment induces an 
increase in tumor perfusion [22, 23, 47]. This conclusion is 
consistent with observed changes in D in 9L gliosarcomas 
[46]. The decrease in high-energy phosphates during un- 
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treated tumor growth, caused by a progressive decline in 
perfusion [22], may result from a progressive increase in 
edema in the tumor [46]. The increase in high-energy phos- 
phates in 9L gliosarcoma after BCNU therapy is associated 
with increased tumor perfusion [23], and could result from a 
decrease in tumor edema following BCNU therapy [46]. This 
strongly suggests that the increase in tumor bioenergetic 
state after therapy is a result of decreased tumor hydrostatic 
pressure, which results in improved blood flow to the tumor 
[21, 23]. 


Conclusions 


Because MR imaging potentially can be used for quantita- 
tive imaging of tumor edema, it may provide a means of 
characterizing tumor perfusion. The potential ability of MR 
imaging to give a qualitative or quantitative indication of tumor 
perfusion may enable clinicians to determine whether perfu- 
sion within a tumor mass is heterogeneous. It may also 
become possible to monitor changes in perfusion associated 
with tumor reoxygenation after therapy. If the relationship 
between tumor perfusion and the pharmacokinetics of chemo- 
therapeutic agents is better understood, quantitative MR 
imaging of tumor edema eventually may aid in predicting the 
delivery of drugs to a tumor. 
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Case Report 





High-Resolution CT Appearance of Diffuse Alveolar Septal 


Amyloidosis 


Courtney M. Graham," Eric J. Stern,’ Walter E. Finkbeiner,* and W. Richard Webb’ 


Primary pulmonary amyloidosis is a rare disease that occurs 
in three forms: tracheobronchial, nodular parenchymal, and 
diffuse parenchymal or alveolar septal [1]. In the diffuse 
parenchymal or alveolar septal form, pulmonary deposition of 
amyloid is often widespread, involving small blood vessels 
and the parenchymal interstitium, and multifocal small nodules 
of amyloid may be present [2]. The chest radiograph may 
show diffuse bilateral parenchymal disease, which is chronic 
and progressive, appearing mainly as small nodules, thus 
simulating miliary tuberculosis, silicosis, or sarcoidosis; calci- 
fication or ossification can occur [3]. We report the high- 
resolution CT appearance of progressive primary pulmonary 
amyloidosis, showing widespread nodular interstitial involve- 
ment with calcification and the changes that occur in these 
abnormalities as the disease progresses. The high-resolution 
CT characteristics of this disease have not previously been 
reported. 


Case Report 


A 56-year-old man was first examined in December 1988 because 
of the onset of dyspnea at rest. A chest radiograph showed diffuse 
inhomogeneous parenchymal opacities. The results of two attempts 
at bronchoscopy with bronchoalveolar lavage were not sufficient to 
allow diagnosis. Pulmonary function tests at that time indicated 
reduced lung volume, with a total lung capacity of 3.74 | (48% of 
predicted), and a reduced diffusing capacity of 16 ml/min per mm Hg 
(55% of predicted). 

The patient was considered to have idiopathic pulmonary fibrosis 
and was treated with corticosteroids (prednisone, 90 mg/day) for 6 
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weeks, but the medication was discontinued because of a lack of 
Clinical response. His symptoms continued to worsen, and pulmonary 
function tests showed no improvement: total lung capacity = 3 | (40% 
of predicted); diffusing capacity = 15.9 ml/min per mm Hg (55% of 
predicted). 

In November 1989, high-resolution CT (GE 9800, Milwaukee, WI) 
showed abnormal reticular opacities, interlobular septal thickening, 
small well-defined nodules 2-4 mm in diameter, and some confluent 
opacities in both mid and lower lung zones (Fig. 1A). Some nodules 
and some of the larger confluent opacities contained punctate foci of 
calcification (Fig. 1B). These calcifications were not visible on the 
chest radiographs. 

Open lung biopsy was performed and showed diffuse pulmonary 
parenchymal deposits of amyloid as determined by histochemical 
studies with Congo red. Amyloid was located within the walls of 
veins, arteries, and airways and in the perivascular interstitium, and 
some of these deposits were nodular (Fig. 1C). Interlobular septal 
thickening by amyloid was also present. Extensive deposits were 
present beneath the visceral pleura. Foci of calcification and meta- 
plastic ossification were also widely scattered throughout the biopsy 
specimen. 

Protein electrophoresis showed a monoclonal protein spike (IgG 
A). The patient subsequently had six cycles of cytotoxic therapy 
(melphalan and prednisone), and the spike disappeared temporarily. 
However, no improvement in his respiratory symptoms occurred. The 
results of a bone marrow biopsy were negative; the patient had no 
evidence of other organ involvement with amyloid, and no evidence 
of multiple myeloma. 

In March 1991, the patient was examined because of the new 
onset of fever and chills. Findings on chest radiographs were essen- 
tially unchanged, but high-resolution CT showed a cavitary mass in 
the left lung, which was thought to represent a lung abscess. Also 
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Fig. 1.—56-year-old man with diffuse alveolar septal amyloidosis. 


A, Initial high-resolution CT scan (lung window) through mid lung zone shows reticular opacities and multiple small nodular opacities (small arrows) 
scattered through lungs, mostly peripherally, and confluent subpleural opacities. Open arrow shows interlobular septal thickening. 

B, On same scan as in A, soft-tissue window setting better shows confluent subpleural opacities (arrows) containing several calcific foci. 

C, Photomicrograph of open lung biopsy specimen shows interstitium is thickened and deformed by amyloid deposits; in some locations amyloid 
surrounds bronchi (b), arteries (a), and lymphatics (I). Deposits appear to be both reticular (open arrow) and nodular (straight arrow). Subpleural interstitium 
is thickened (curved arrow). Nodule indicated by straight arrow is 2 x 4 mm. (H and E) 

D, High-resolution CT scan (lung window) obtained 15 months after initial study shows progression of reticular opacities, nodules, and confluent 


opacities. 


E, On same scan as in D, soft-tissue window setting shows multiple discrete foci of calcification within large confluent subpleural opacities. 


seen was a progression of the diffuse parenchymal disease, including 
an increase in reticular opacities, interlobular septal thickening, the 
size and number of nodules and confluent opacities, and the size and 
number of the multiple calcifications that were visible within the 
parenchymal opacities (Figs. 1D and 1E). 


Discussion 


Diffuse parenchymal or alveolar septal amyloidosis is the 
least common form of this disease, but it is the most signifi- 
cant Clinically. Patients with diffuse parenchymal amyloidosis 
are more likely to die of respiratory failure than are patients 
with the two other forms of the disease [4]. The most common 
presenting symptom in patients with diffuse parenchymal 
amyloid is progressive dyspnea. Physiologic assessment 
shows a pattern of restrictive lung disease, but progressive 


worsening of the results of pulmonary function tests does not 
occur until late in the course of the disease [4]. Radiologically, 
the diffuse parenchymal or alveolar septal form of amyloid 
appears as nonspecific diffuse interstitial or alveolar opacities, 
which, once established, change very little over time [5]. The 
abnormal areas can calcify or, rarely, show frank ossification 
[5]; calcification is more common in the large nodular form of 
the disease [6]. The diffuse parenchymal abnormality may be 
mostly nodular, but diffuse inhomogeneous opacities may 
also be seen, as in our patient. 

In our patient, the diagnosis of amyloidosis was initially 
suggested by the high-resolution CT findings of small inter- 
Stitial nodules associated with calcification. The differential 
diagnosis of small nodules seen on high-resolution CT is 
limited. Interstitial nodules, as small as 1-2 mm in diameter, 
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have been reported in patients with granulomatous diseases 
such as sarcoidosis [7, 8], histiocytosis X [9], silicosis and 
coal worker’s pneumoconiosis [10], tuberculosis [11], and 
hypersensitivity pneumonitis [12] and in patients with met- 
astatic tumor [13]. Although the presence of small nodules 
has been recognized on plain radiographs in patients with 
diffuse parenchymal amyloidosis, the high-resolution CT ap- 
pearance has not been reported before. 

High-resolution CT detection of calcification of small inter- 
Stitial nodules has been reported only with silicosis and coal 
worker's pneumoconiosis. In studies by Remy-Jardin et al. 
[10], 81% of 86 patients with coal worker’s pneumoconiosis 
had parenchymal nodules 7 mm or less in diameter on CT 
and high-resolution CT; in 3% of the patients, the nodules 
were Calcified. In our case, findings on high-resolution CT 
correlated closely with pathologic findings in regard to the 
presence of calcifications; an open lung biopsy specimen 
showed foci of calcification within confluent subpleural depos- 
its and within the small amyloid nodules. Osseous metaplasia 
within the areas of calcification was present. 

In our case, high-resolution CT scans were more valuable 
than the chest radiograph in characterizing the disease proc- 
ess. Small nodules and calcification were not visible on the 
radiographs. Furthermore, during follow-up of more than 1 
year, high-resolution CT scans showed progression of the 
disease, whereas the chest radiograph did not show a signif- 
icant change. Although progression was shown on high- 
resolution CT, the pattern of disease remained the same. 
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National Cancer Institute Breast Imaging Workshop, 


September 1991 


Carolyn Kimme-Smith' 


On September 4-6, 1991, a breast imaging workshop sponsored 
by the Diagnostic Imaging Research Branch and the Early Detection 
Branch of the National Cancer Institute was held in Bethesda, MD. 
More than 75 persons attended the meeting: researchers from uni- 
versities, private practice, and foundations; representatives from 
industry; and scientists from governmental health agencies. The 3- 
day program consisted of short presentations on conventional mam- 
mography, digital mammography, localization and stereotaxic pro- 
cedures, and innovative methods of cancer detection (e.g., estrogen 
receptor imaging, microwaves, and MR). This summary focuses on 
the discussions that took place after each group of participants 
finished their presentations. Clinical studies and practical innovations 
were considered the highest priorities for future research. 

A general recommendation was made to establish a mechanism 
for clinical testing of new products developed by industry. Large trials 
are expensive and complex for small companies to administer, and 
governmental agencies might be able to facilitate patient trials for 
new breast cancer detection methods on a national basis. Dr. Broder, 
the director of the National Cancer Institute, suggested that one 
possible result of the workshop might be a cooperative research 
program between industry and university researchers, such as the 
National Drug Discovery Program, which protected the proprietary 
rights of industry while encouraging the development of new drugs. 

Specific suggestions for changes in mammography equipment 
were divided between radiologists’ suggestions and physicists’ sug- 
gestions. Both Dr. Sickles and Dr. Kopans wanted improvements in 
compression devices. Although compression paddles are satisfactory 
for average breasts and for conventional diagnostic problems, more 
breast tissue could be imaged if innovative positioning, perhaps by 
using gravity or caudal compression rather than cranial, were avail- 
able. The physicists focused on scatter removal. Double slits and 
innovative grids with alternative interspace material are currently 
being designed; research into clinical testing is needed. Dr. Feig 
suggested that research on the relative effects of temperature, chem- 
istry, and development time on speed and contrast in film processing 
would help establish trade-offs of these factors so that the quality of 
various images could be optimized. The forum ended with a universal 
agreement that further reduction in the dose of radiation a patient 
receives is not the highest priority, but that equipment that improved 
the penetration of large or dense breasts and produced generally 
higher contrast images of the glandular portion of the breast would 
be welcomed. 

The afternoon session was primarily concerned with current and 
proposed governmental studies at the Centers for Disease Control 
and the Center for Devices and Radiological Health. In addition, 
several bills were described that will affect the amount of money 
available for breast imaging research and funding for mammography. 
Of particular interest was an economic study on the cost of quality 


control to typical radiologic practices. Dr. Martin Brown reported that 
costs were as high as $12 per examination if fewer than 10 mam- 
mographic examinations were done each day but that costs dropped 
to $1.80 per examination if 40 or more mammograms were performed 
daily. 

During the panel discussion in the late afternoon, Dr. Hendricks 
suggested that studies should be made to evaluate which quality 
control tests were most effective in maintaining image quality. He 
also suggested that mean glandular dose should be investigated as 
a quality control factor to determine if the components of a mammo- 
graphic examination had been set up correctly. 

The recommendations for digital mammography focused more on 
the equipment needed than on its ultimate use. Although spatial 
resolution sufficient to match that of screen-film combinations was 
possible, or soon would be, the efficiency of analog sensors needs 
improvement. Noise is still the enemy of resolution, particularly for 
photon-stimulable phosphors. Once a digital mammogram has been 
acquired, the problem of its display remains, because four to eight 
mammograms are needed for diagnosis in follow-up studies, and 
windowing at the display monitor to improve resolution with magnifi- 
cation is not clinically acceptable. However, digital stereotaxic local- 
ization potentially can reduce localization time by an order of magni- 
tude and is an immediate research goal at two laboratories. The 
application of digital mammography to computer-aided detection was 
universally endorsed. When designed to model radiologic diagnosis, 
a computer system could serve as a second reader, and if designed 
for more quantitative measurements, a computer system might re- 
duce the 20% false-negative rate experienced by the average reader. 
Both approaches should be investigated. The large false-positive 
rates now associated with most computer-aided detection systems 
may not be large impediments to the clinical implementation of such 
systems, because most of the errors can easily be eliminated by a 
radiologist. The teaming of a digital system with a radiologist may 
hold the best potential for reducing false-negative mammography. 

The last day was devoted to MR and sonography. The need for a 
sensitive color Doppler imaging unit designed for mammography was 
suggested, as were mammography compression paddles that would 
let the technologists perform sonography on the compressed breast. 
The dearth of transducers designed for breast scanning (which re- 
quires an offset for all electronically focused transducers) was la- 
mented. 

MR research was divided into the clinical and nonclinical: (1) fast 
scans with gadolinium and (2) magnetization transfer techniques and 
diffusion-perfusion studies, respectively. These studies may help in 
understanding the biology of breast cancer, but without special- 
purpose scanners or less expensive MR procedures, they will be 
available for only very specific diagnostic problems. 
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Mammographic Features 
Predicting an Extensive 
Intraductal Component in Early- 
Stage Infiltrating Ductal Carcinoma 





Several studies have shown that the presence of an extensive intraductal component 
in patients with infiltrating ductal carcinoma is a major factor for predicting local 
recurrence after breast-conserving surgery and radiotherapy. A prospective study of 
101 consecutive mammograms in patients with stage | or II infiltrating ductal carcinoma 
was performed to determine the predictive values of mammographic features in deter- 
mining the presence or absence of an extensive intraductal component. Thirty-five 
(35%) of the lesions contained a pathologically verified extensive intraductal component. 
Sixty-five percent (22/34) of lesions showing mammographic evidence of calcifications 
with or without a mass were associated with an extensive intraductal component (p < 
.001). Lesions with calcifications greater than 3 cm in extent were significantly (p < .05) 
more likely to have an extensive intraductal component (9/10; 90%) than those with 
calcifications less than 3 cm in extent (13/24; 54%). Only 17% (8/46) of patients in 
whom mammograms showed only a mass or architectural distortion and 24% (5/21) of 
patients who had a mass palpable clinically or who had normal findings on mammograms 
had lesions with an extensive intraductal component. 

We conclude that infiltrating ductal carcinomas associated with calcifications on 
mammography, especially if the calcifications are extensive, are likely to be associated 
with an extensive intraductal component. Carcinomas without calcifications that show 
masses or architectural distortion on mammography, or carcinomas with palpable 
masses and normal findings on mammography, are unlikely to have an extensive 
intraductal component. 
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Randomized clinical trials have shown that patients treated with breast-conserv- 
ing therapy consisting of local excision and radiotherapy for early-stage breast 
cancer (stage | or Il) have survival rates equivalent to those for patients who have 
modified radical mastectomy [1-5]. The optimal extent of the initial excision has 
not yet been defined. Before breast-conserving therapy can be performed, some 
centers require that the margin of the resected specimen be free of cancer on 
pathologic examination. However, studies from the Joint Center for Radiation 
Therapy have shown that excision of the clinically evident tumor or the tumor 
visible on mammograms is sufficient excisional surgery without regard to the 
histopathologic status of the margins for most patients, except those with infiltrating 
ductal carcinomas that contain an extensive intraductal component [6]. 

Few retrospective studies of the mammographic findings of an extensive intra- 
ductal component have been published [7], and no prospective study has been 
done to determine if any mammographic features associated with infiltrating 
carcinomas are predictive of an extensive intraductal component. Such mammo- 
graphic features might be useful in determining the extent of the initial diagnostic 
surgical excisions and the extent of therapeutic excisions done after fine-needle 
aspiration biopsy. Accordingly, we performed a prospective, double-blind study to 
define the mammographic features of an extensive intraductal component in 
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TABLE 1: Correlation of Mammographic and Histologic Findings in 101 Infiltrating Ductal Carcinomas 
a 


Histologic Findings 





No. (%) 
Lacking 
No. (%) with Extensive Intraductal Component Extensive 
Mammographic Findings Intraductal 
Component 
Total Predominantly Predominantly 
(n = 35) Invasive Intraductal (n = 66) 
(n = 23) (n = 12) 

Calcifications with or without a mass (n = 34) 22 (63) 14 (61) 8 (67) 12 (18) 
Calcifications only (n = 24) 16 (46) 8 (35) 8 (67) 8 (12) 
Calcifications with a mass (n = 10) 6 (17) 6 (26) 0 (0) 4 (6) 

Mass or architectural distortion only (n = 46) 8 (23) 7 (30) 1 (8) 38 (58) 

Normal (n = 19) 5 (9) 2 (9) 3 (25) 16 (24) 
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patients with infiltrating ductal carcinomas by using pathologic 
examination as the gold standard for the diagnosis. In addi- 
tion, we studied the efficacy of mammography to establish 
the presence or absence of an extensive intraductal compo- 
nent. 


Subjects and Methods 


Mammograms and histologic material from excisional biopsies of 
101 consecutive patients with infiltrating ductal carcinomas seen at 
the Dana-Farber Cancer Institute Breast Evaluation Center were 
prospectively examined. The median age of the patients was 51 years 
(range, 31-71 years). 

Mammograms were obtained with different high-resolution film- 
screen systems from multiple centers. Mammograms consisted of 
craniocaudal and oblique projections. Accessory views, including 
those acquired with magnification techniques, were obtained at the 
discretion of the mammographer. Specimen radiographs were ob- 
tained after excision of nonpalpable lesions and were used to guide 
the histologic examination. All mammograms were prospectively re- 
viewed and categorized by one radiologist without knowledge of the 
histologic findings. Mammographic findings were categorized as nor- 
mal, calcifications only, calcifications with a mass, and mass or 
architectural distortion only. The calcifications were further catego- 
rized as predominantly granular or linear, as described in the mam- 
mographic literature [8-10]. 

Histologic material was stained with hematoxylin and eosin. Tu- 
mors were Classified as having an extensive intraductal component if 
they fell into one of two groups. The first group consisted of tumors 
that were predominantly intraductal with small areas of invasion. The 
second group was made up primarily of invasive lesions that (1) had 
not obliterated the ducts within the invasive tumor by either desmo- 
plasia or tumor overgrowth and all these ducts were virtually filled 
with ductal carcinoma in situ and (2) had any amount of ductal 
carcinoma in situ in the tissue adjacent to the infiltrating tumor. The 
cases were Classified as they have been from the beginning of clinical- 
pathologic studies from the Joint Center for Radiation Therapy and 
Beth Israel Hospital by one of the authors, who originally described 
the entity. This definition is a clarification of our previous definition. 
Many of these cases had 25% of the area of the tumor involved by 
ductal carcinoma in situ. Tumors containing an extensive intraductal 
component were further categorized as predominantly invasive or 
predominantly intraductal with one or more areas of focal invasion. 


For this analysis, the predictive value for an extensive intraductal 
component is defined as the percentage of cases with a given finding 
that had an extensive intraductal component. The predictive value 
for the absence of an extensive intraductal component is defined as 
the percentage of cases with a given finding that lacked an extensive 
intraductal component. Probability values were determined by using 
chi-square analysis [11]. 


Results 


Thirty-five percent (35/101) of the infiltrating ductal tumors 
had an extensive intraductal component; 66 (65%) did not. 
Sixty-six percent of the tumors with an extensive intraductal 
component were predominantly invasive; 34% were predom- 
inantly intraductal. The correlation between histologic and 
mammographic features is shown in Table 1. 

The predictive values of mammographic features for the 
presence or absence of an extensive intraductal component 
are given in Table 2. Lesions showing mammographic calci- 
fications were associated with an extensive intraductal com- 
ponent in 65% of cases. Calcifications with or without a mass 
showed a significant correlation with the presence of an 
extensive intraductal component (p < .001). Greater extent 
of calcifications with or without a mass was associated with 
a greater likelihood of an extensive intraductal component; 
nine (90%) of 10 lesions with greater than 3 cm extent of 
calcifications had an extensive intraductal component as com- 
pared with 13 (54%) of 24 lesions with 3 cm or less extent of 
calcifications (p < .01). Five cases had 1 cm or less extent of 
microcalcifications; two of these had an extensive intraductal 
component. No significant difference (p < .05) was seen 
between the percentage of predominantly granular calcifica- 
tion clusters that had an extensive intraductal component (12/ 
20; 60%) and the percentage of predominantly linear calcifi- 
cations that did (10/14; 71%). 

Mammograms showing a mass or architectural distortion 
only, without calcifications, had a high predictive value for the 
absence of an extensive intraductal component, 83% (38/46). 
Sixteen (76%) of 21 lesions presenting as palpable masses 
with normal findings on mammograms showed the absence 
of an extensive intraductal component. Normal findings on 
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TABLE 2: Predictive Values of Mammographic Features for Determining the Presence or 
Absence of an Extensive Intraductal Component in 101 Infiltrating Ductal Carcinomas 
SS SS SRS SSUES ASSES 


Predictive Value (%) 
for Extensive 
Intraductal Component 


Mammographic Findings 


Calcifications with or without a mass? 
Calcifications only 
Calcifications with a mass 
Mass or architectural distortion only 
Normal 


Predictive Value (%) 
for Absence of 
Extensive Intraductal 


Component 

22/34 (65) 12/34 (35) 
16/24 (67) 8/24 (33) 
4/10 (40) 6/10 (60) 
8/46 (17) 38/46 (83) 
5/21 (24) 16/21 (76) 


5 SS SAIS SSS ME EE e a E 
e Calcifications with or without a mass showed a significant correlation with the presence of an extensive intraductal 


component (p < .001). 


mammograms or mammograms showing a mass or architec- 
tural distortion only showed a significant correlation with the 
absence of an extensive intraductal component (p < .001). 


Discussion 


Among patients treated by gross excision of the tumor 
without regard to the presence of tumor at the microscopic 
margins followed by radiation therapy, the actuarial 5-year 
local recurrence rate in the irradiated breast was 24% for 
patients whose cancer showed an extensive intraductal com- 
ponent compared with only 6% for patients whose cancers 
did not show an extensive intraductal component [12]. Two 
histologic studies have shown that the extensive intraductal 
component pattern is a marker for widespread residual tumor 
burden after gross excision of the lesion [13, 14]. This residual 
tumor burden may be too large to be eradicated by cosmeti- 
cally acceptable doses of radiotherapy. Therefore, at the 
Dana-Farber Breast Evaluation Center and the Joint Center 
for Radiation Therapy, patients with an extensive intraductal 
component that is not clearly excised or with histopathologic 
findings showing that tumor cells are definitely or possibly 
present in the margin of the resected specimen have surgery 
again to obtain adequate excision before radiotherapy. Pa- 
tients in whom the excised tumor has positive or equivocal 
microscopic margins who do not show an extensive intraduc- 
tal component are often spared further surgery and are 
treated with radiotherapy. 

The observation that 35% of the infiltrating ductal carcino- 
mas in this series had a histopathologically verified extensive 
intraductal component and that two thirds were predomi- 
nantly invasive and one third predominantly intraductal is 
similar to earlier reports [6, 7]. 

Our results show that lesions with microcalcifications on 
mammography had a 65% predictive value for an extensive 
intraductal component. Of the 34 lesions with calcifications, 
lesions with calcifications greater than 3 cm in extent were 
significantly (po < .05) more likely to have an extensive 
intraductal component (9/10; 90%) than were lesions with 
calcifications less than 3 cm in extent (13/24; 54%). As 
microcalcifications in breast cancers are often associated with 
intraductal cancer [15] it seems reasonable that a greater 


extent of microcalcifications would be associated with a 
greater likelihood that intraductal tumor would be present 
within and adjacent to the infiltrating carcinoma. Our obser- 
vation that both linear and granular calcification clusters were 
associated with a similar percentage of cases with an exten- 
sive intraductal component is supported by data from a study 
that showed that linear and granular microcalcifications are 
equally common in intraductal cancers [9]. 

The higher predictive value of normal findings on mammo- 
grams or a noncalcified soft-tissue abnormality for determin- 
ing the absence of an extensive intraductal component (76% 
and 83%, respectively) is explained by the absence of micro- 
calcifications on these mammograms. In several series, the 
vast majority of intraductal carcinomas were associated with 
mammographic microcalcifications [9, 16, 17]. 

Our data show that infiltrating ductal carcinomas appearing 
as masses or showing architectural distortion without calcifi- 
cations or producing normal findings on mammograms are 
unlikely to have an extensive intraductal component, whereas 
carcinomas that show calcifications, especially if greater than 
3 cm in extent, on mammograms are likely to have an exten- 
sive intraductal component. The higher predictive value for 
an extensive intraductal component (90%) with calcifications 
greater than 3 cm in extent needs to be corroborated by 
study of a larger number of cases. Magnification technique 
has been useful to improve definition of the initial extent of 
calcification and, after biopsy, to detect residual calcifications 
(residual gross tumor). 

Before an initial biopsy, it is not Known which patients will 
have invasive cancer, intraductal cancer only, or benign his- 
tologic findings. Therefore, the benefit of performing a wider 
excision initially, on the basis of predictive values for an 
extensive intraductal component applying to patients with 
invasive cancer only, should be weighed against (1) the po- 
tential cosmetic effects in patients with benign abnormalities 
only and (2) the desire to avoid repeat excision as part of 
breast-conserving therapy if malignancy is discovered. Also, 
microcalcifications, especially if greater than 3 cm in extent, 
are suggestive of a lesion with an extensive intraductal com- 
ponent that will more likely need repeat excision after histo- 
logic diagnosis. Conversely, a noncalcified abnormality or a 
palpable mass associated with normal findings on a mam- 
mogram most likely does not have an extensive intraductal 
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component, which should increase one’s confidence that the 
first excision of the gross tumor before radiotherapy will be 
adequate. 
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Risk Factors for Breast Cancer in 
Women Undergoing 
Mammography 





To determine risk factors for carcinoma of the breast, we compared women with 
cancer on screening and diagnostic mammography with those in whom cancer was not 
detected. For 39 months, medical histories were collected by mammography technolo- 
gists on 3492 women having routine screenings or diagnostic mammograms at our 
institution. Potential risk factors of women with biopsy-proved breast cancer were 
compared with those in women who had normal findings on mammograms or negative 
biopsy results (control subjects). Of the 3492 women, 49 had biopsy-proved breast 
cancer. There were 3361 patients in the control group, including those women with 
normal findings on mammograms (3294) and those with negative biopsy results (67). 
Eighty-two women had incomplete questionnaires or were lost to follow up. Nearly all of 
the patients with breast cancer were postmenopausal compared with 68% of the control 
subjects. The mean length of lactation for breast cancer patients was significantly less 
than for control subjects: 5.6 vs 7.5 weeks (p = .015). This was true also for the 
postmenopausal patients: 8.1 vs 6.1 weeks (p = .041). Postmenopausal breast cancer 
patients had menstruated significantly more years (p = .016) than the postmenopausal 
control subjects: 34 vs 31 years, although the mean age at menarche was not different. 
When corrected for age, there was no significant difference in the total duration of 
menstruation in the postmenopausal cancer patients compared with the postmenopausal 
control subjects. Postmenopausal breast cancer patients had a significantly greater (p 
= .021) average body weight than postmenopausal control subjects: 71.7 vs 66.7 kg, 
although body weight was the same when all patients were considered. Similar results 
were found when Quetelet’s index for obesity (weight in kg/height in cm°) (p = .004) 
was calculated for postmenopausal patients: 28 for cancer patients and 26 for control 
subjects. There was no significant difference in height between the cancer patients and 
control subjects when all patients or just the postmenopausal patients were considered. 
History of oral contraceptive use was significantly less common among postmenopausal 
breast cancer patients than among postmenopausal control subjects: 9% vs 20%. 
Patients with breast cancer had lower parity than the control subjects. 

In our series of patients, women in whom breast cancer was detected on mammog- 
raphy lactated less, showed no significant difference in years of menstruation when 
corrected for age, had a greater average body weight, used oral contraceptives less 
often, and had fewer children than women in whom no cancer was detected on 
mammography. 
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We compared women with biopsy-proved breast cancer with those with normal 
mammographic findings regarding risk factors that have been conflicting in the 
literature. These factors include lactation, age at menarche, weight and height, and 
use of oral contraceptives. Numerous studies have examined the relationship of 
lactation and breast cancer; some showed no protective effect from nursing [1- 
10]; others showed a protective effect [11-21]; and some had mixed results [22, 
23], showing protection for premenopausal women only or for postmenopausal 
women only. Some studies have found a longer total duration of menses in breast 
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cancer patients [21, 24, 25]; some have shown an earlier age 
of menarche in breast cancer patients [5, 12, 25]. The rela- 
tionship of body weight and height has been correlated with 
the prevalence of breast cancer. In some studies, such as 
one in Sweden [25], no difference was found in the two 
parameters of weight and height when comparing breast 
cancer patients with control subjects. Other investigations 
have shown statistically significant positive associations be- 
tween increased weight and height and breast cancer [26, 
27]; still others only showed a correlation between body mass 
and breast cancer [1, 28, 29]. A few investigations found this 
correlation for postmenopausal patients only [28-31]. Some 
studies have shown no relationship between the use of oral 
contraceptives and breast cancer [32-34], while other inves- 
tigations have noted that patients who have taken oral con- 
traceptives have an increased risk of breast cancer [35-38]. 


Subjects and Methods 


Data on risk factors for breast cancer were collected for 39 months 
from questionnaires filled out by mammographic technologists on 
3492 patients. These were consecutive patients having mammo- 
grams in our department and included patients undergoing routine 
screening mammography and those having mammograms for specific 
breast problems. The age range of the patients was 18-92 years 
(mean, 53 years). The patients were divided into those who were 
premenopausal (mean age, 40 years) and those who were postmeno- 
pausal (mean age, 59 years). Eighty-two women had incomplete 
questionnaires or were lost to follow up. 

Women were asked specific questions regarding their reproductive 
history including age at menarche, age at first live birth, total number 
of live births, duration of lactation, and age at menopause if the 
patients were postmenopausal. Other areas questioned were the 
amount of fat in the diet; use of tobacco, oral contraceptives, and 
medications; history of breast surgery; and family history of cancer 
including special reference to breast cancer. Patients with children 
were asked how many months they had nursed each child to a 
maximum of five children. An answer of 1 month or less was listed 
as 1 month. A nursing period of 6 weeks was listed as 2 months 
because of questionnaire limitations and the fact that lactation ceases 
slowly. If not all five children were nursed, but a subsequent child 
was, that number of months nursed was listed under nursing of the 
fifth child. The numbers of miscarriages, abortions, and ectopic 
pregnancies were noted. The total number of years the patient 
menstruated was calculated. Data about hysterectomies and oop- 
horectomies, including dates of both types of procedures, were 
collected. The patients were asked to list their weight and height. 
They were asked if they had ever taken oral contraceptives, if they 
were currently taking them, and how long they had taken them 
continuously or intermittently. The patients were not asked about the 
type or dose. 

The control group comprised women without known breast cancer. 
These included 3294 patients with normal mammograms and 67 
women in whom abnormalities on mammograms were proved to be 
benign by biopsy. The cancer group included women who had breast 
biopsies that were positive for malignancy (49 patients). All patients 
(both control subjects and cancer patients combined) were divided 
into those who were premenopausal (1110 women, of whom seven 
had proved breast cancer) and those who were postmenopausal 
(2382 women, of whom 42 had proved breast cancer). Patients were 
considered postmenopausal if they had not menstruated for at least 
1 year or had had a hysterectomy at the age of 45 years or greater. 
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Risk factors for breast cancer were assessed by both univariate 
and multivariate methods. 

Individual potential categorical risk factors were evaluated by the 
chi-square and Fisher's exact tests to evaluate independence in 
proportions with each factor between groups. Differences between 
group outcomes for individual continuous factors were evaluated 
by Student's t test. Confidence intervals for estimates of relative 
risk were constructed by using the formula of Greenland and Robins 
[39]. 

A multivariate analysis comparing women having biopsy-proved 
breast cancer with control subjects was performed incorporating the 
following variables as potential risk factors: total number of months 
nursed; women who nursed for 24 months or longer; age at men- 
arche; total number of years of menstruation; weight and height and 
the calculated Quetelet’s index; and the length of use of oral contra- 
ceptives. Also considered were the patient’s age; the number of live 
births; her age at first live birth; menopausal status; restriction of 
dietary fat; the length of time of tobacco use; and family history of 
cancer, including specifically breast cancer. 

Logistic regression analysis was performed to provide simultane- 
ous multivariate evaluation of all risk factors (both categorical and 
continuous). Stepwise logistic regression was performed with known 
risk factors and variables that were significantly associated with 
breast cancer in the univariate analysis as the candidate-independent 
variables. Both forward and backward stepping were allowed. Con- 
fidence intervals for the magnitude of effects were constructed by 
using coefficients and standard errors from the logistic analyses and 
formulas from Hosmer and Lemeshow [40]. Analyses were performed 
by using SPSSX [41], BMDPLR [42], and EPIINFO [43] software. 
Statistical significance was defined as differences with a p value of 
.05 or less. 


Results 


A significant difference (p = .015) in the mean number of 
weeks of lactation was observed in comparing the cancer 
patients (5.6 weeks) with the control subjects (7.5 weeks) 
(Table 1). Forty-two of the 2382 postmenopausal women had 
proved breast cancer. The mean number of weeks of lactation 
was significantly different (p = .041) between the postmeno- 
pausal cancer patients (6 weeks) and the postmenopausal 
control subjects (8 weeks). Only seven premenopausal 
women had known breast cancer, and five of these women 
never lactated. There were too few premenopausal cancer 
patients for statistical analysis of this subgroup. In regard to 
the effect of long-term lactation (24 months or longer) in all 
women, 151 of the control subjects and only one cancer 
patient had lactated that long. Women who had not experi- 
enced long-term lactation were 2.5 times more likely to have 
breast cancer than those who had. In evaluating only post- 
menopausal women, 103 control subjects had experienced 
long-term lactation compared with only one cancer patient, 
the odds ratio being 2.15. Neither of these odds ratios was 
Statistically significant. 

Postmenopausal breast cancer patients had significantly (p 
= .016) longer duration of menstruation (34 years) than did 
the postmenopausal control subjects (31 years). However, 
when corrected for age, there was no significant difference in 
the duration of menstruation in postmenopausal cancer pa- 
tients compared with postmenopausal control subjects. The 
average age at menarche was not significantly different be- 
tween breast cancer patients and control subjects or between 
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TABLE 1: Risk Factors Studied: Comparison Between Cancer 
Patients and Control Subjects 





Cancer Control 
Risk Factors Patients Subjects p Value 
(n = 49) (n = 3361) 
Mean duration of lactation 
(weeks) 
Premenopausal + 
postmenopausal 5.6 (n = 49) 7.5(n = 3361) .015° 
Premenopausal? (n= 7) (n = 1089) 
Postmenopausal 6.1 (n = 42) 8.1 (n = 2272) .041° 
Mean duration of menstruation (years) 
Postmenopausal*® 34.0 31.0 016° 


Mean age at menarche (years) 
Premenopausal + post- 
menopausal 12.9 12.8 NS 
Mean weight (kg) 
Premenopausal + post- 
menopausal 72.1 66.2 021° 
Postmenopausal 71.7 66.7 .045° 
SS ESTE 
* Significant (p < .05). 
° Statistical analysis was not performed in this group of women because 
five of the seven cancer patients never lactated. 
° When adjusted for age, age was a confounding factor, and there was then 
no significant difference in the duration of menstruation in the two study groups. 
* Significant (p < .01). 


those groups when evaluating the premenopausal and post- 
menopausal women separately (Table 1). 

In our series, breast cancer patients were significantly (p = 
.021) heavier (mean, 72.1 kg) than the control subjects (mean, 
66.2 kg). Among postmenopausal women only, the mean 
weight of the cancer patient was 71.7 kg compared with 66.7 
kg for the control subjects (p = .045) (Table 1). When only 
the premenopausal patients were evaluated, the difference in 
weight between cancer patients and control subjects was not 
significant. Quetelet’s index for obesity was significantly larger 
(p = .004) among all the cancer patients (27.9) than among 
all the control subjects: 25.2 (see Fig. 1). The Quetelet’s index 
for premenopausal cancer patients was 26.6, but for control 
Subjects it was 24.3. Regarding just postmenopausal pa- 
tients, Quetelet’s index for the cancer patients was 28.1, but 
for the control subjects it was 25.6. No significant difference 
was seen in the mean height between breast cancer patients 
and control subjects. 

Twenty-one percent of patients with cancer had taken birth 
control pills compared with 32% of the control subjects (p = 
.088). Only 9% of postmenopausal patients with breast can- 
cer had taken birth control pills compared with 20% of post- 
menopausal control subjects (p = .083). Neither of these p 
values for the chi-square analysis was significant. The odds 
ratios were not significantly different. The number of premeno- 
pausal breast cancer patients was too small for statistical 
validity. 

Univariate analysis did not indicate any significant difference 
between breast cancer patients and control subjects regard- 
ing the age at first live birth, amount of fat in the diet, use of 
tobacco or medications, and family history of cancer. 

When all women were considered as a single group in the 
multivariate analysis, Quetelet’s index and menstrual status 
were the only significant predictors of the development of 
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Fig. 1.—Graph shows additional risks for breast cancer in postmeno- 
pausal women due to obesity, with separate curves for differences in 
parity. Quetelet’s index = (weight in kg/height in cm’). 


cancer. Most breast cancer occurred in older, postmenopau- 
sal women. The mean age of the postmenopausal cancer 
patients was 60 years and of the postmenopausal contro! 
subjects, 53 years. Forty-two of the 49 women with breast 
cancer were postmenopausal. When only postmenopausal 
women were considered, Quetelet’s index (p = .008) and 
parity (p = .043) were significant predictors of cancer preva- 
lence. A lower Quetelet’s index and increased parity were 
protective against breast cancer (Fig. 1). Parity was measured 
on a continuum. Point estimates with the accompanying 
confidence intervals for the odds ratios were as follows (in all 
cases being compared with those women who had borne no 
children). For those women with one child, the point estimate 
was 0.852 with a confidence interval of 0.722-1.00. For those 
who had borne two children, the point estimate was 0.725 
with a confidence interval of 0.615-0.855. For those who had 
borne three children, the point estimate was 0.618 with a 
confidence interval of 0.524-0.728. Women who had borne 
no children had a 0.38 times increased risk for breast cancer 
compared with women who had two children. Women who 
had had no children had 0.62 times the risk for breast cancer 
compared with women who had borne three children. These 
effects of parity were statistically significant. Confidence in- 
tervals constructed from the coefficient for the effect of parity 
and the standard error for that coefficient did not include 1.00 
for those women who had two or more children. Our study 
corroborated previous investigations indicating a significant 
protective effect of higher parity for postmenopausal women 
against breast cancer. 


Discussion 


Published reports of the relationship between breast-feed- 
ing and breast cancer have been contradictory [1-23]. Among 
the Canadian Eskimos, breast cancer was rare when breast- 
feeding lasted more than 3 years for each child but has 
increased as breast-feeding has become less common in 
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modern times [44]. Similar changes have been observed in 
Arab populations [45]. Among the Tanka Chinese, where 
breast-feeding was usually accomplished with only the right 
breast because of the traditional dress, the majority of breast 
cancers were in the unsuckled left breast [11]. However, 
many series have shown a slight predominance of left-sided 
breast cancer, especially for adenocarcinoma, not related to 
breast-feeding [30]. 

The prevalence of breast cancer in women has been related 
to their reproductive hormone status. Several studies have 
noted that breast cancer patients had a longer mean duration 
of regular menses compared with control subjects [5, 21, 24, 
25, 30]. Wynder et al. [5], Wainwright [12], and Adami et al. 
[25] found an earlier average age at menarche in breast 
cancer patients compared with control subjects. Delayed 
menopause was noted in breast cancer patients by Wynder 
[5], Olch [24], and Adami et al. [25]. 

The relationship of body weight and height has been cor- 
related with the prevalence of breast cancer. Adami et al. [25] 
found no correlation between these parameters and breast 
cancer in Sweden, but another investigation in that country 
[26] did reveal a positive correlation between weight and 
height and breast cancer in all women. Similar results were 
found in Poland. However, the weight relationship to breast 
cancer in Poland was only seen in women over 50 years old 
[27]. A study of Chinese women by Yuan et al. [30] showed 
only a slight decrease in breast cancer risk from lower weight 
and lower Quetelet’s index in postmenopausal women. In 
evaluating women in the United States, London et al. [47] 
found no correlation between weight and breast cancer in 
postmenopausal women, but increased height was weakly 
related to breast cancer risk. Other investigations in the United 
States [1, 28] did show an increased risk of breast cancer in 
postmenopausal women who were heavier and taller. An 
Israeli study [29] had similar conclusions. 

Conflicting reports have been published on the relationship 
between the risk of developing breast cancer and the history 
of the use of oral contraceptives [48-50]. Some studies have 
shown no relationship [32-34, 51, 52]. However, McPherson 
et al. [35], Pike et al. [37], and Olsson et al. [38] found an 
increased risk for breast cancer in women who had taken oral 
contraceptives. 

Our data suggest that longer lactation and shorter duration 
of menses, except when corrected for age, and lower body 
weight in postmenopausal women have statistically significant 
protective effects against breast cancer. Most women who 
have breast cancer have none of the “traditional” risk factors 
for this malignancy, so mammographic screening should not 
be omitted because of the absence of these factors. We did 
not find a statistically significant difference between our can- 
cer patients and the control subjects in the use of oral 
contraceptives. According to our results, the age at first live 
birth, amount of fat in the diet, history of tobacco use, and 
family history of cancer including specifically breast cancer 
were not significantly different between cancer patients and 
control subjects. Our study was limited by the small number 
of biopsy-proved breast cancer patients (49) in our series. 
Also, most of our breast cancer patients were postmeno- 
pausal. 
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A number of possible explanations for the protective effect 
of lactation against breast cancer have been published. These 
effects range from physical changes of the breast during 
lactation to the hormonal effects produced by breast feeding 
[53]. 

A study of milk from the unsuckled breast of 10 lactating 
mothers revealed that this milk had a slightly higher pH 
compared with that from the suckled breast. During normal 
lactation, breast milk is slightly acidic with a pH range of 6.88- 
7.15. However, the mechanism by which the pH of breast 
milk favors alkalinity if the breast is unsuckled is unclear. It is 
known that alkalinity around epithelial cells causes hyperpla- 
sia, cell atypia, and a marked increase in mitotic activity—a 
prelude to neoplasia. However, the damaged epithelial cells 
from the alkaline milieu and the resultant hyperplasia and cell 
atypia and increased mitotic activity have been seen only in 
the gastric mucosa, colon, and lung [53]. One theory for the 
development of this malignant change is that the desqua- 
mated cells and degenerating secretions plus exogenous 
chemical substances may remain in the alveolar ductal system 
of the breast when lactation is not occurring, increasing the 
chances of epithelial damage and malignant transformation 
[54]. The pH thesis could explain the known features of breast 
cancer, including the striking predominance of left-sided 
breast involvement mainly in right-handed females. Most right- 
handed women prefer supporting the head of an infant on 
their right arm, and therefore nurse first on the right side, 
which often would lead to partial nonsuckling on the left, and 
thence, to alkalinity. 

The hormone thesis, to which is linked the woman's age at 
first live birth, does not explain many epidemiologic features 
of breast cancer, among which is the frequent observance of 
a predominance of left-sided breast cancer [53, 55]. The 
known hormonal effects produced by breast-feeding are in- 
creased production of prolactin and decreased production of 
estrogen. During lactation, ovulation often ceases or is less 
frequent, which may also protect against breast cancer [15]. 
Breast-feeding in an industrialized society often spans only 
3-5 months, with supplementary formula and the early intro- 
duction of solids, which is not long enough to suppress 
ovarian function in well-nourished women. Prolonged breast- 
feeding is necessary to evoke this hormonal change, which 
stops ovulation. 

In our study, lactation occurred significantly less often 
among women with proved breast cancer, both when all the 
women were considered and when only postmenopausal 
women were evaluated, although the difference in the mean 
length of lactation was only 2 weeks. The clinical relevance 
of this difference in lactation is not clear. Five of our seven 
premenopausal women with breast cancer had never lac- 
tated. Although our data provide additional evidence that 
prolonged lactation protects women from some malignant 
changes of the breast, further investigation is needed. 

We found no significant difference in the age at menarche 
when comparing breast cancer patients with control subjects, 
but the average duration of years of menstruation was signif- 
icantly longer in the postmenopausal patients with breast 
cancer when the confounding factor of age was not removed. 
A significant difference in the total duration of menstruation 
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was seen in a 1926 study in England by Lane-Ciaypon in 
more recent publications in the United States [5, 24], and in 
the study of Yuan et al. [30]. This longer duration of menstrua- 
tion is hormonally the opposite effect of prolonged lactation, 
since longer years of menstruation suggests more ovulatory 
cycles, whereas prolonged lactation often causes ovulation 
to cease. 

When we compared weights between breast cancer pa- 
tients and control subjects, the cancer patients were signifi- 
cantly heavier. in a prospective study by the American Cancer 
Society [46], heavy women had a higher mortality rate from 
breast cancer. Studies in Sweden [26] and Poland [27] also 
documented cancer patients as having heavier body weights, 
but in these two European studies, increased height was also 
correlated with breast cancer. A study by LeMarchand et al. 
[31] in the United States revealed the same relationship as 
ours, a relationship between increased body weight and Que- 
telet’s index (but not height) and breast cancer only in the 
postmenopausal patients. The study of Yuan et al. [30] 
showed only a weak association of Quetelet’s index with 
breast cancer risk, the association being strongest among 
women 60 years old or more. With obesity, additional biolog- 
ically active estrogen is present [15] because of peripheral 
conversion of adrenal androgens [30]. 

In our study, 21% of the cancer patients had used oral 
contraceptives compared with 32% of the control subjects (p 
= .008); but when only the postmenopausal patients are 
considered, only 9% of the postmenopausal cancer patients 
had used contraceptive pills compared with 20% of the post- 
menopausal control subjects. However, the Oxford study [35, 
43] and others by McPherson et al. [35], Pike et al. [37], and 
Olsson et al. [38] showed an increased frequency of breast 
cancer in patients who had taken oral contraceptives. 

The study by Yuan et al. [30] suggested that the cumulative 
number of ovulatory cycles is directly related to breast cancer 
risk. Oral contraceptives decrease the number of ovulatory 
cycles just as a longer duration of lactation causes a substan- 
tial delay in the reestablishment of ovulation after a completed 
pregnancy. A lack of obesity wouid also fit this hypothesis of 
protection from breast cancer because of less estrogen in the 
body in these patients. 

In conclusion, regarding the potential risk factors of the 
duration of lactation, age at menarche, total duration of men- 
struation, weight and height, and history of oral contraceptive 
use, we found the following. Lactation had a small but statis- 
tically significant protective effect against breast cancer in all 
the women we studied and in the subgroup of postmenopaus- 
al women. Postmenopausal cancer patients had a longer 
duration of menses when age was not separated out as a 
confounding factor, a higher mean body weight, and a result- 
ant higher Quetelet’s index. A lower percentage of postmeno- 
pausal cancer patients had been taking oral contraceptives 
than postmenopausal control subjects, although the results 
were not Statistically significant. Female reproductive hor- 
mones play a key role in the development of breast cancer in 
postmenopausal women. The number of ovulatory cycles and 
the amount of biologically active estrogen are important fac- 
tors in the cause of breast cancer. Our study also supported 
the known risk factors for breast cancer of increased age and 
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lower parity. Forty-two of the 49 cancer patients in our study 
were postmenopausal. Women who had borne no children 
had a 0.38 increased risk for breast cancer compared with 
those with two children and a 0.62 increased risk over those 
who had three children. Our study was limited by the smali 
number of women with biopsy-proved breast malignancy, 
especially among our premenopausal patients. We used 
mammogram questionnaires to help identify the risk factors 
for breast cancer in our population; ongoing research is 
indicated. 
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Functional Abnormalities of the Gastrointestinal Tract in 
Patients with Spinal Cord Injuries: Evaluation with Imaging 


Procedures 


Matilde Nino-Murcia'* and Gerald W. Friedland"? 


One quarter of patients with spinal cord injuries eventually 
have severe chronic gastrointestinal symptoms. Because there 
are about 1.5 million such patients in the United States, major 
chronic gastrointestinal symptoms will develop in approximately 
400,000 patients, all of whom are likely to need the services of 
radiologists. These gastrointestinal abnormalities, however, are 
quite different from the gastrointestinal problems that occur in 
the general population. For this reason, the imaging methods 
used for diagnosis in these patients are also different from those 
used with persons who do not have spinal cord injuries. The 
purpose of this review is to describe the role of diagnostic 
imaging in patients with severe chronic gastrointestinal symp- 
toms associated with spinal cord injury. 


Pathophysiology 


A spinal cord injury alters the motility of those segments of 
the gastrointestinal tract supplied by the nerves at or above 
the level of the lesion. The level of the lesion determines the 
nerves affected. 


Motility Disturbances Due to Spinal Cord Injuries Involving 
the Pudendal and Pelvic Parasympathetic Nerves 


The pudendal and pelvic parasympathetic nerves arise at 
the S2-S4 level [1]. The pudendal nerve supplies the external 
anal sphincter, which normally relaxes slightly when the rec- 


tum is distended or stimulated, but which is under voluntary 
control, preventing complete relaxation until the appropriate 
time. The pelvic parasympathetic nerve supplies the left side 
of the transverse colon, the descending colon, and the rec- 
tosigmoid area [2]. Its function is to increase the tone and 
compliance of the muscles in the wall of the left half of the 
colon and to transport colonic contents on the left side of the 
colon by means of two reflexes. The first, the rectocolic reflex, 
occurs when the rectum is distended, and causes a mass 
movement of the left colon, which empties. The second is the 
gastrocolic reflex, a mass movement of the colonic contents 
from the transverse to the rectosigmoid colon, which occurs 
after food enters the stomach. The exact role of nerves vs 
hormonal action in mediating the gastrocolic reflex is still 
controversial [3-5]. 

In a lower motor neuron lesion at the S2-S4 level, voluntary 
control of defecation and the rectocolic reflex are lost. Patients 
must remove stool from their rectums manually. 

Lesions above S2-S4 result in an upper motor neuron 
lesion of the pudendal and pelvic parasympathetic nerves. An 
upper motor neuron lesion of the pudendal nerve causes the 
loss of voluntary control over defecation and sometimes 
anorectal dyssynergia as well, in which the external anal 
sphincter contracts more vigorously, instead of relaxing, when 
the rectum is distended or stimulated. With an upper motor 
neuron lesion of the pelvic parasympathetic nerve, the rectum 
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is often hypotonic and overcompliant, but the rectocolic reflex 
is intact. 

In patients with either an upper or a lower motor neuron 
lesion involving the pelvic parasympathetic nerves, the gas- 
trocolic reflex is usually lost, leading to delayed transit through 
the left half of the colon [6]. 

In 20% of patients with an upper motor neuron lesion 
involving the pudendal and pelvic parasympathetic nerves, 
the anorectal dyssynergia is so severe or the rectum is so 
hypotonic and overcompliant that patients experience severe 
constipation despite the best bowel care, and must spend 
several hours each day caring for their bowels [7]. 


Motility Disturbances Due to Spinal Cord Injuries Involving 
the Sympathetic Nerve Supply to the Gastrointestinal Tract 


The sympathetic nerve supply to the gastrointestinal tract 
arises at the T5-L3 level [1]. The sympathetic nerve supply 
to the left half of the colon arises at L1-L3, and to the 
stomach, small bowel, and right colon at T5-T12 [1]. 

The function of the sympathetic nerve supply to the colon 
is to relax the muscles in the wall during filling [8, 9]. The 
function in the stomach is to coordinate peristaltic activity in 
the antrum with the same activity in the duodenum [10, 11]. 
The sympathetic nerve supply apparently has nothing to do 
with the motility of the upper small bowel [10]. 

An injury involving part but not all of the sympathetic nerve 
supply to any segment of the gastrointestinal tract does not 
appear to affect the motility of that part. Only when the lesion 
involves the entire sympathetic supply to that part is the 
motility disturbed. 

With lesions above L1, the muscles in the wall of the left 
colon become less compliant [9]. With lesions above T5, the 
muscles in the wall of the right colon also become less 
compliant [9]. The net effect is a further slowing of the colonic 
transit time. Lack of compliance in the entire colon leads to a 
functional obstruction; the small bowel becomes distended, 
and the patient usually experiences abdominal distension [7, 
12]. Lesions above T5 also cause lack of coordination be- 
tween peristaltic movements in the gastric antrum and the 
duodenum, and delayed gastric emptying [10, 11]. 

In patients who survive spinal cord injuries, the motility of 
the esophagus is not affected because the injury will have 
occurred below the level of the nerve supply to the esopha- 
gus. 


Imaging Methods to Evaluate Gastrointestinal Motility 


Patients with spinal cord injuries who have severe consti- 
pation despite adequate bowel care, or severe abdominal 
distension, perhaps even causing breathlessness, should be 
examined for gastrointestinal motility disturbances by means 
of an appropriate imaging method. 


Evaluation of Gastric Motility 


Gastric motility is most conveniently measured by using 
scintigraphic techniques [13]. An appropriate radionuclide is 
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mixed with a test meal, which can be liquid, solid, or a 
combination of both. The meal must be standardized in each 
laboratory because factors such as content, volume, osmo- 
larity, and pH affect the rate of gastric emptying. A typical 
meal consists of one scrambled egg labeled with 500 „Ci of 
*°"T¢ sulfur colloid and 150 ml of water containing 100 „Ci of 
"'In-DTPA. 

The dual isotope technique allows simultaneous measure- 
ment of the emptying rate for solids and liquids. After the 
meal is ingested, serial 1-min anterior and posterior abdominal 
images are acquired for 60-120 min with a gamma camera 
and dedicated computer. A region of interest is drawn around 
the stomach in each image, and the total count is obtained 
and corrected for physical decay of the isotope. The geomet- 
ric mean count obtained from paired anterior and posterior 
images is plotted as a function of time. The rate of gastric 
emptying is usually expressed as the time required to reach 
50% of the initial count. This value can be obtained from 
simple inspection of the curve, or the data can be fitted by 
using linear or nonlinear regression methods. The normal half 
time of gastric emptying as determined by using scintigraphic 
techniques is less than 90 min for solids and less than 30 min 
for liquids [14]. Patients with spinal cord injuries have a mean 
gastric emptying half time of 107 + 58 min for liquids [11]. 


Evaluation of Colonic Motility 


A plain abdominal radiograph often provides useful infor- 
mation about colonic motility. Most patients with lesions 
above T5 have a dilated ileum (in which the measured diam- 
eter is greater than 3 cm) because the muscles in the wall of 
the colon have become less compliant, leading to a functional 
colonic obstruction. If the patient is receiving adequate bowel 
care, and if the rectum appears distended with gas and feces, 
the patient probably has anorectal dyssynergia or a hypotonic 
and overcompliant rectum. 

Another method used to evaluate colonic motility is the 
measurement of the colonic transit time. This measures the 
ability of the colon to transport material to the rectum [12, 
15]. The technique used to measure colonic transit time is as 
follows. The patient should not take any laxatives immediately 
before the examination, but should receive routine bowel care. 
The patient then ingests 20 radiopaque markers each day for 
3 consecutive days. The markers are 16-French Silastic na- 
sogastric tubes cut in segments 3 mm thick. Alternatively, 
commercially available markers (Sitzmarks, Lafayette Phar- 
maceutical, Fort Worth, TX) may be used. Abdominal radio- 
graphs are taken 4 and, if necessary, 7 days after ingestion 
of the first 20 markers [15] (Fig. 1). Most patients with spinal 
cord injuries have flabby abdominal walls, so more than one 
radiograph will be needed. Most patients require a U-series, 
consisting of three films: vertical 17 x 14 in. (43 x 35 cm) 
films of the right and left sides of the colon, respectively, and 
a transverse 17 X 14 in. (43 x 35 cm) film of the pelvis. The 
number of markers in the right colon, the number in the left 
colon, and the number in the rectosigmoid colon are counted. 
The mean time it takes the patient to pass the markers 
through the colon is then calculated, by using a formula 
described elsewhere [16]. 
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Fig. 1.—Abdominal radiograph obtained 4 days after ingestion of first 
set of radiopaque markers shows markers still in colon. 


The mean total colonic transit time in patients with spinal 
cord injuries is 81 + 11 hr, which is very slow, about twice 
as long as that of persons without such injuries (39 + 5 hr) 
(12, 16]. 

The segmental colonic transit time is calculated by using 
the formula used for the total colonic transit time. In patients 
with spinal cord injuries, the segmental colonic transit time is 
significantly prolonged in the left and sigmoid colon, as com- 
pared with the right colon [6, 12]. 

An abnormally long colonic transit time might be due to 
failure of the colon to transport colonic material to the rectum, 
but it might also be due to failure of the rectum to evacuate 
properly. If the latter is true, this would lead to retention in 
the more proximal part of the colon. 

In order to determine if the muscles of the colon or the 
rectum or both are functioning improperly, anorectal dynamic 
studies are necessary. In addition, any patient who requires 
prolonged bowel care will need anorectal dynamic studies. 

Of course, other kinds of gastrointestinal problems could 
develop in any patient with spinal cord injuries; however, each 
of these could be investigated in the customary way. Caution 
may be necessary in using barium in these patients, because 
of the risk of fecal impaction. 


Clinical Impact of Imaging Methods 


Imaging examinations play a vital role in patients with spinal 
cord injuries who have chronic gastrointestinal motility dis- 
turbances; in fact, the appropriate treatment of these patients 
is often based on the results of imaging examinations. 

Because metoclopramide increases the motility of the an- 
trum of the stomach in patients with spinal cord injuries, it 
has been recommended as a means of treating gastric motility 
problems in those patients [11]. At our own institution, how- 
ever, the results of this therapy have not been encouraging. 
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Patients with a dilated small bowel often experience severe 
abdominal distension, which in some patients is so marked 
that they also experience breathlessness. In addition, marked 
ileus of the colon and small bowel tends to develop in patients 
with a dilated small bowel, anorectal dyssynergia, or a com- 
pliant rectum, or after any abdominal surgery. This ileus can 
take a long time to resolve, which is of great clinical signifi- 
cance, because, while it lasts, the patient may not be able to 
eat. 

Patients with severe anorectal dyssynergia or an overcom- 
pliant rectum now get a colostomy. If there is no delay in the 
transit time, the colostomy is done in the lower colon; if there 
is a delay, the colostomy is done higher up [17]. All patients 
find that after a colostomy they spend significantly less time 
on bowel care and that the quality of their lives improves 
significantly [17]. However, colostomy in these patients does 
carry a 5% mortality rate [17]. 
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Book Review 





Head and Neck Imaging, 2nd ed. Edited by Peter M. Som and R. Thomas Bergeron. St. Louis: Mosby-Year 


Book, 1165 pp., 1991. $175 


Before the advent of CT and MR, the role of the radiologist in the 
evaluation of diseases of the head and neck was limited. CT and, 
more recently, MR have dramatically changed this situation. Today, 
head and neck imaging is firmly established and recognized as an 
important subspecialty of diagnostic radiology in both clinical and 
radiologic circles. 

The first edition of Head and Neck Imaging, which was published 
in 1984, became one of the definitive reference texts for imaging of 
the head and neck. The second edition of this scholarly work is a 
completely rewritten and revised version of the first edition. New 
material has been added, specifically, information on MR, and dated 
material has been deleted. 

As the editors state in the preface, this book was written to create 
a reference text for head and neck imaging that both includes the 
established techniques and emphasizes the present state of the art 
and how it is applied in modern clinical management. To that end, 
the editors and their contributing authors have succeeded admirably 
in their objective. 

This book is well organized. It has 13 chapters (1165 pages) that 
cover embryology and congenital lesions of the midface, sinonasal 
cavity, salivary glands, temporomandibular joint, mandible, pharynx 
and oral cavity, parapharyngeal space, neck, larynx, orbit, visual 
pathways, central skull base, and the temporal bone. Each chapter 
is extensively illustrated. 

The authors are nationally and internationally recognized experts 
in their fields. Although the book has 29 different contributors, the 
text is clear and easy to follow. Each chapter covers the pertinent 


embryology, anatomy, and pathology of the area being discussed, 
with strong emphasis on clinical and pathologic correlation. 

The anatomy of the temporal bone is detailed and complex and 
can be confusing. Although the chapter on the temporal bone is 
excellent, with consistently high-quality radiographs, it has few illus- 
trations of the gross anatomy of the temporal bone compared with 
the number of descriptive pages. A few more illustrations and dia- 
grams would be helpful in providing more clarity and understanding 
of this complex anatomy. Apart from this deficiency, the book is 
abundantly illustrated, with 2495 extremely high-quality illustrations. 
Virtually all computerized sectional material from the first edition has 
been replaced with state-of-the-art CT scans and MR images. Each 
chapter is supported by an abundant yet pertinent reference list. The 
detailed index is heavily cross-referenced, which greatly facilitates 
finding the correct information. 

The cost of the book is moderate, considering the number of pages 
and illustrations. | highly recommend this book as an excellent refer- 
ence for practicing radiologists, otolaryngologists, ophthalmologists, 
and maxillofacial surgeons and for residents in these specialties. This 
book is a complete review of head and neck radiology and is the 
most up-to-date work on the subject. Its faults are few, and its pluses 
are innumerable. 


Solomon Batnitzky 
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Kansas City, KS 66103 
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Swallowing Dysfunction in the 
Postpolio Syndrome: A 
Cinefluorographic Study 





Twenty patients with a remote history of poliomyelitis and recent or progressive 
dysphagia were evaluated with cinefluorography. Radiographic abnormalities were 
present in the pharynx in varying degrees in all but one of the patients. Findings included 
atrophy of the prevertebral soft tissues, unilateral or bilateral weakness of the tongue 
or soft palate, paresis or paralysis of the pharyngeal constrictor muscle, incomplete or 
absent epiglottic tilt, poor laryngeal elevation, poor laryngeal closure with laryngeal 
penetration, aspiration (often without a cough), and luminal narrowing at the cricophar- 
yngeal level. Other structural lesions included a Zenker diverticulum in one patient, 
bilateral pharyngeal pouches in five, and a unilateral pouch in one. Additional structural 
lesions contributing to dysphagia were found in two other patients, including a focal 
stricture in the cervical esophagus in one patient and two stenotic rings in the distal 
esophagus in another. In four patients (one of whom had the Zenker diverticulum), the 
inferior constrictor muscle contracted forcibly above a prominent cricopharyngeus 
muscle, perhaps contributing to the formation of the diverticulum. 

It is important to examine postpolio patients with dysphagia carefully with dynamic 
imaging to assess the severity of decompensation and to detect other lesions that may 
be treatable. The information derived can be used to guide management. 


AJR 158:283-286, February 1992 


Postpolio syndrome refers to symptoms experienced by survivors of the polio- 
myelitis virus infection. The symptoms usually begin several decades after recovery 
from the acute illness [1-10]. Approximately one quarter of postpolio patients 
report such problems. The primary symptoms are fatigue, pain in muscles and/or 
joints, and muscle weakness and/or wasting. In many cases, postpolio symptoms 
are attributable to predictable complications of chronic weakness and deformity, 
such as premature degenerative arthritis and peripheral nerve entrapments. Some 
patients develop coincidental medical or psychiatric illness (especially anxiety and 
depression) that aggravates their symptoms. 

A minority of patients with progressive postpolio symptoms appear to have 
otherwise unexplained, gradual, ongoing denervation of muscle, which results in 
progressive fatigue, pain, weakness, and/or wasting. This process is known as 
progressive postpolio muscular atrophy (PPMA), and it is especially likely to involve 
those motor neurons and muscles that were most affected at the time of acute 
polio. PPMA is probably related to exhaustion of overextended motor neurons that 
survived the acute attack of polio but after decades cannot continue to maintain 
their large motor units consisting of thousands of reinnervated muscle fibers [6]. 
Disintegration of terminal axons ensues, causing some muscle fibers to become 
denervated again, in turn leading to the symptoms of PPMA. 

The prevalence of dysphagia in the postpolio population is not known precisely. 
Early studies of disabilities following bulbar polio demonstrated residual difficulty 
with swallowing or voice production in over 50% of those affected [11, 12]. The 
prevalence of new or increasing dysphagia as a delayed complication also is not 
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Fig. 1.—Tongue-palate abnormality. 


A, Stop-frame print from cinepharyngoesophagogram (lateral view) reveals kinking of soft palate 
(u) against tongue as a compensatory phenomenon in an attempt to prevent premature leakage of 
barium. Despite this, premature leakage (arrows) over back of tongue occurred before swallowing. 


Some atrophy of prevertebral soft tissues is present. 


B, During swallowing, soft palate (u) elevates incompletely, with lack of closure of nasal palate 
seal (arrow). Close apposition of air-filled pharynx against cervical spine is consistent with muscular 


atrophy. 


known with certainty. However, in one study, 22% of 201 
postpolio patients who answered a questionnaire inquiring 
about many symptoms reported new difficulty with eating or 
swallowing beginning at a median of 34 years after the acute 
attack [5]. 

The scope of the problem is not small. According to the 
National Center for Health Statistics, there are an estimated 
200,000 to 250,000 survivors of poliomyelitis in the United 
States; 10-15% of these had bulbar polio, often with pharyn- 
geal dysphagia, during the acute illness. Therefore, 20,000- 
37,500 patients are at risk for developing progressive pharyn- 
geal dysphagia due to postpolio muscular atrophy. 

Only a few reports on the imaging of swallowing disorders 
in the postpolio population have been published [5, 13-17]. 
Most of these studies concentrated on clinical features [13, 
14] or therapy [15, 16]. Sonies and Dalakas [17] recently 
reported the results in a group of patients with the postpolio 
syndrome (defined by new weakness in the limbs) who were 
examined with sonography and videofluoroscopy. Less than 
half the patients had dysphagia. Even in the asymptomatic 
group, however, there were subtle abnormalities on detailed 
testing. 

Our study was undertaken to document in detail the cine- 
fluorographic abnormalities in 20 patients with pharyngeal 
dysphagia and a remote history of bulbar polio. 


Materials and Methods 


Twenty-five patients with pharyngeal dysphagia and a remote 
history of poliomyelitis were examined with cinefluorography at the 
Johns Hopkins Swallowing Center between December 1981 and 
April 1990. One of these had required a supraglottic laryngectomy 
for laryngeal cancer, and his findings were excluded from radiographic 


Fig. 2.—Laryngeal penetration and failure of 
cricopharyngeal opening during swallowing of rel- 
atively large bolus of contrast material. Film shows 
moderate laryngeal penetration of barium into 
open laryngeal vestibule (long arrow), and con- 
trast material is in glottis (short arrow) also. Val- 
leculae (v) are square, a sign of paresis or atrophy. 
Note lack of elevation of hyoid (arrowhead) and 
atrophy of prevertebral tissues. Cricopharyngeal 
opening is almost closed instead of being wide 
open at this point in swallow. 


analysis. Another four patients had other neurologic diseases that 
could affect swallowing, and their studies also were excluded. The 
remaining 20 patients constitute the study group. The patients con- 
sisted of nine women 42-75 years old (mean, 56 years) and 11 men 
40-65 years old (mean, 51 years). The acute attack of poliomyelitis 
had occurred 29-49 years previously (mean, 37 years). The polio had 
definitely affected bulbar areas in 13 patients; this information was 
not available in the remaining seven patients. 

A chart review was performed to determine the character of the 
remote dysphagia and whether the patient had recovered swallowing 
function after the acute attack; this information was available for 16 
of the 20 patients. Four patients had recovered normal swallowing 
function, 10 had minimal residual swallowing problems, and two had 
severe problems (ratings by patients were based on cough/choke 
episodes and their perspectives on how much difficulty they experi- 
enced on a day-to-day basis with eating and drinking). 

The presenting symptoms included recent or increasing dysphagia, 
dysphagia with solid foods, dysphagia with liquids only, dysphagia 
with both solids and liquids, and cough/choke episodes. Six patients 
had problems with only solids, nine with solids more than liquids, and 
three with liquids more than solids; the characteristics of the current 
dysphagia were unavailable in two patients. Most patients had had 
cough/choke episodes, many had required one or more Heimlich 
maneuvers for airway obstruction, and two had required cricophar- 
yngeal myotomy; one patient had required a tracheotomy for airway 
protection. The symptoms were progressive in most patients, either 
appearing de novo many years after the acute attack or as progres- 
sive dysphagia superimposed on a baseline deficit. 

A biphasic swallowing study consisting of double-contrast spot 
films for mucosal detail and cinefluorography for motility analysis was 
performed in a routine fashion [18]. The studies were then analyzed 
by one of the authors. Factors evaluated included tongue size and 
movement, palatal movement, hyoid bone position and movement, 
epiglottic tilt, laryngeal closure and elevation, the pharyngeal stripping 
wave, opening of the cricopharyngeal orifice, size of prevertebral soft 
tissues, and head and neck position. Signs of decompensation were 
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Fig. 3.—Contraction of inferior constrictor muscle above cricopharyngeus. 





CINEFLUOROGRAPHY OF POSTPOLIO SWALLOWING DYSFUNCTION 285 





A-C, Three consecutive stop-frame prints from cinepharyngoesophagogram show progressive contraction of lower fibers of inferior constrictor muscle 
(arrowheads) above incompletely opened cricopharyngeus (arrows). Area becomes even more prominent in C, resulting in a broad bar of soft tissue 
occluding lumen. Note marked retention of contrast material above closed area. 


evaluated [19]. The presence of diverticula, pouches, or other struc- 
tural abnormalities was noted. Esophageal findings were also noted. 


Results 


Multiple abnormalities were present in 18 of the 20 patients; 
in one patient, minimal laryngeal penetration was the only 
abnormality observed, and another patient was normal except 
for head flexion during swallowing (a compensatory maneu- 
ver) [19}). 

Tongue weakness or atrophy (six patients) resulted in 
premature leakage of contrast material in one patient (Fig. 
1A). Palatal weakness or asymmetry was present in nine 
patients, resulting in nasopharyngeal regurgitation in three 
(Fig. 1B). Hyoid position was low in seven patients, with 
laryngeal elevation poor or absent, reflecting weakness of the 
suprahyoid muscles. Fourteen patients had laryngeal penetra- 
tion of contrast material, three without precipitating a reflexive 
cough even when aspiration occurred (Fig. 2). Epiglottic tilt 
was abnormal in 13 patients and laryngeal closure incomplete 
in six patients (Fig. 2). 

The pharyngeal stripping wave was absent in nine patients 
and was very poor in three patients. In four patients, the area 
of the inferior constrictor muscle appeared to contract, and 
the superior or middle constrictor regions did not move at all 
(Fig. 3). In nine patients, pharyngeal paresis was more marked 
on one side than the other, resulting in asymmetry in the 
passage of the bolus, asymmetry in distension, or epiglottic 
tilt. Pharyngeal paresis was reflected by overdistension of the 
pharynx, either at rest or during the Valsalva maneuver, in 
eight patients. Retention of the bolus occurred in 18 patients, 
markedly in five and minimally to moderately in 13. Crico- 
pharyngeal prominence was found in 11 patients, with marked 
narrowing of the lumen to less than 50% in five. Diminished 


prevertebral soft tissues in 13 patients were consistent with 
muscle atrophy (Fig. 1). Three patients had abnormalities of 
positioning, including a swan neck and cervical lordosis. 

Other structural abnormalities in the pharynx and cervical 
esophagus included a short stricture (n = 1), a Zenker diver- 
ticulum (n = 1), bilateral pharyngeal pouches (n = 5, one with 
the short stricture), and a unilateral pouch (n = 1). 

Nine patients had esophageal findings. One patient had 
two rings in the distal esophagus, narrowing the lumen to 16 
mm. Other findings included hiatal hernia in six patients of 
whom two had a nonstenotic Schatzki ring; gastroesophageal 
reflux in two (one of whom also had loss of the primary 
peristaltic wave); and spasm in one; in two additional patients, 
esophageal spasm was the only esophageal finding. 


Discussion 


Patients who have had acute bulbar polio can have swal- 
lowing problems decades later, either because of residual 
pharyngeal weakness or as the result of PPMA. This is 
reflected by the abnormalities in pharyngeal function de- 
scribed in this study. 

Structural lesions also may contribute to the dysphagia, as 
was found in several patients in this study. These may be in 
the pharynx (seven patients in this study) or the esophagus, 
as in the one patient with luminal narrowing of the distal 
esophagus due to two rings. These abnormalities superim- 
posed on (or consequent to) the atrophy and weakness of 
the pharynx could well have a cumulative effect, resulting in 
decompensation in a previously compensated pharynx [19]. 
Some of these factors not due to polio may be treatable and 
should not be overlooked. 

The other esophageal diseases found in this group of 
patients should be addressed also. Of the 20 patients, nine 
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had some abnormality such as spasm or hiatal hernia that 
could have been contributing to the symptoms of dysphagia. 
Esophageal disease can certainly result in dysphagia referred 
to the pharynx [20, 21], and could certainly cause additional 
problems in the presence of pharyngeal decompensations. 

The relatively common finding of silent laryngeal penetration 
or aspiration (without coughing) in three patients has impor- 
tant clinical implications. Clinical (bedside) evaluation of the 
presence and degree of aspiration in these patients would 
severely underestimate the problem. The lack of cough reflex 
may be a consequence of chronic low-grade aspiration, which 
could cause eventual habituation of the reflex by suppression 
of repetitive stimuli, or it may partly reflect the decreased 
sensitivity of the laryngeal mucosa to aspirated material that 
occurs with aging [22]. Whatever its basis, the phenomenon 
of silent aspiration is common in pharyngeal dysphagia when 
caused by other neuromuscular disorders such as amy- 
otrophic lateral sclerosis (Donner MW, personal communica- 
tion). 

The finding of relative sparing of the lower fibers of the 
inferior constrictor muscle is intriguing. In the four patients in 
whom this finding was present, the muscle appeared to be 
contracting above a very prominent cricopharyngeus muscle. 
In one of these four patients, a Zenker diverticulum was 
located between the inferior constrictor and the cricopharyn- 
geal bar. This raises the question of a cause and effect 
relationship, that is, what, if any, role did residual contraction 
of the inferior constrictor muscle against the relative obstruc- 
tion of the prominent cricopharyngeus muscle play in the 
formation of the Zenker diverticulum? Further studies of larger 
groups of patients are necessary to see if this is a true or a 
chance association. 

In conclusion, dysphagia can occur as a late complication 
of poliomyelitis and should be included as part of the spectrum 
of symptoms of the postpolio syndrome. Cine- and videofluo- 
rography are useful techniques in this group of patients to 
assess severity of disease and degree of decompensation. 
These techniques may detect clinically unsuspected cases of 
pharyngeal decompensation with silent aspiration or may aid 
in the diagnosis of other unsuspected and potentially treatable 
lesions that could be contributing to the dysphagia. 
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Rectal Carcinoma Treated by 
Preoperative Irradiation: MR Imaging 
and Histopathologic Correlation 





We evaluated the role of MR imaging in assessing the effect of preoperative irradiation 
in 11 patients with primary rectal carcinoma. Findings on MR images obtained before 
radiotherapy and 5-6 weeks afterward were analyzed and correlated with the histopath- 
ologic findings (nine patients) or the findings at laparotomy (two patients). Before 
irradiation, the tumor volumes on MR images were between 3.3 and 51.7 cm? (mean 
19.7 cm’). After irradiation, the volumes were from 0.8 to 33.2 cm? (mean, 10.4 cm’), 
representing a decrease in volume of 11% to 88% (mean, 55%). On the MR images 
obtained before irradiation, the tumors were confined to the bowel wall in four cases 
(stage A-B,), penetrated the perirectal fat in six cases (stage B2), and involved an 
adjacent organ in one case (stage B;). After irradiation, no apparent changes were seen 
in the MR appearance of the local tumor stage in nine of the 11 patients. In one patient, 
progression of stage was suspected on the postirradiation MR images, but this was not 
confirmed at histologic examination. In one patient, possible downstaging occurred after 
irradiation, although this could not be proved. 

Our findings suggest that MR imaging may be useful for determining the effect of 
preoperative radiotherapy on rectal carcinomas. 


AJR 158:287-292, February 1992 


Preoperative radiotherapy of primary rectal carcinoma has been shown to be 
beneficial in patients with advanced tumors [1-8]. In particular, studies have 
indicated that advanced local disease can be made more operable and that local 
control is significantly improved by preoperative irradiation [6-8]. Studies also have 
suggested that, in less advanced disease, preoperative radiotherapy may offer 
better local control than does postoperative radiotherapy. Clinical evaluation of 
patients with rectal carcinoma has shown that preoperative irradiation may reduce 
both tumor size and the prevalence of advanced tumors. It may, however, be 
difficult to clinically establish the exact effect of the irradiation preoperatively 
because physical examination or endoscopy may not reveal the full depth of the 
tumor. 

MR imaging has been shown to be useful for accurate preoperative assessment 
of tumor stage in patients with primary rectal carcinoma [9]. In this study, we 
evaluated the role of MR imaging in assessing the effect of preoperative irradiation 
in 11 patients. 


Subjects and Methods 


For 3 years we used MR imaging to evaluate the local extent of biopsy-proved adenocar- 
cinoma of the rectum before and after preoperative radiotherapy in 11 patients, consisting of 
seven men and four women, 41-79 years old (mean, 60 years). The lesions were located 
between 3 and 8 cm from the anal verge. Six tumors were in the anterior wall, two of them 
extended to both side walls. Four lesions were located on the posterior wall, and two of 
these extended to the left lateral wall. One tumor was confined to the left lateral wall. 
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Tumors were staged according to the modified Astler-Coller clas- 
sification [9]: stage A-B, = tumor limited to the bowel wall; stage B2 
= tumor infiltration through the bowel wall into the perirectal fat; 
stage B; = tumor invading adjacent organs or muscles. Minimal soft- 
tissue stranding in the perirectal fat was considered benign. The 
lymph nodes were not evaluated because MR imaging is not accurate 
in determining lymph node involvement [9]. All images were inter- 
preted by the radiologist performing the examinations without knowl- 
edge of the clinical stage or depth of tumor invasion determined by 
biopsy. 

All tumors were treated with a course of moderately high dose 
radiation (4500-5000 cGy) for 5 weeks. MR scans were obtained 1- 
2 weeks before radiotherapy and 5-6 weeks afterward. Surgery was 
performed within 1 week after the last MR scan. In eight cases the 
tumors were completely resected, allowing full histologic correlation 
of the specimens with the MR findings. In one case the tumor was 
only partially resected because of complications during surgery; in 
this case the histologic findings of the resected portions were used 
for comparison. Exploratory laparotomy was performed in two pa- 
tients whose tumors were deemed unresectable, and findings were 
correlated with the observations at surgery and biopsy. 

The MR examinations were performed on a Magnetom MR imager 
(Siemens Medical Systems, Iselin, NJ) at 1.0 T. In 16 of the 22 MR 
examinations, images were obtained with a 17-cm Helmholtz double 
coil positioned over the pelvis as described in an earlier report [9]. 
Six studies were obtained with the body coil. Straps were placed 
over the lower abdomen and pelvis to help reduce respiratory artifacts 
during imaging. Transverse T1-weighted (500/17 [TR/TE]) spin-echo 
(SE) images were obtained in all 22 MR examinations. Coronal 
sections also were obtained in 13 studies when the tumor involved 
or extended to the lateral wall of the rectum. Additional sagittal 
sections were obtained in nine cases in which the tumors were 
located on the anterior or posterior rectal walls. Two data acquisitions 
were used for the coronal sequences and four for the sagittal and 
transverse sequences. The field of view was 250 x 250 mm in the 
Helmholtz coil and 420 x 420 mm in the body coil. Section thickness 
was 5 mm with no interslice gap; an image matrix of 256 x 256 was 
used, yielding an in-plane resolution of 1.0 x 1.0 mm in the Helmholtz 
coil and 1.6 x 1.6 mm in the body coil. Proton density- and T2- 
weighted transverse images were obtained with an SE multiecho 
technique (SE 2000-3000/28-90) in 18 of the 22 studies. Section 
thickness was 6 mm with a 40% interslice gap, the image matrix was 
128 x 256, and there were two data acquisitions. 

All patients were imaged supine after routine cleansing of the 
rectum with Fleet enemas (Fleet Pharmaceuticals, Lynchburg, VA). A 
barium enema balloon tip (E-Z-EM, Inc., Westbury, NY) was inserted 
into the rectum before the examination, and 100-200 cm® of air was 
introduced through the central channel of the enema balloon tip for 
distension [9]. Glucagon was not used to diminish bowel motility. 

Tumor volumes were calculated from the MR images before and 
after irradiation by measuring tumor length (x), width (y), and depth 
(z) at the largest extent of the lesion and using the ellipsoid formula 
for volume measurement (x X y X z X 0.525). To determine the effect 
of irradiation on the size of the mass, we calculated the change in 
tumor volume after radiotherapy and expressed it as a percentage. 
The postirradiation tumor sizes determined from the MR images were 
correlated with the volumes of the surgical specimens, or, in the 
absence of actual specimens, with the volumes determined from the 
measurements given in the pathologic reports. In the eight cases in 
which the tumor was completely resected, tumor depth was meas- 
ured from the formalin-fixed histologic slides. Tumor volumes were 
calculated by means of the ellipsoid volume formula used to determine 
the volumes on the MR images. Volumes of the specimens could not 
be determined in the three patients whose tumors were not removed 
or were incompletely removed. Local tumor stages as determined by 
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MR imaging before and after irradiation were correlated, and the 
Stage on the postirradiation images was correlated with the histologic 
stage of the resected specimens or the findings at surgery. Tumor 
sizes on MR images before and after irradiation were not correlated 
with the clinical findings obtained by palpation or sigmoidoscopy 
because the clinical information was not always complete and the 
depth of tumor invasion could not be determined. 


Results 


On the MR images before irradiation, the tumors measured 
3.3 to 51.7 cm? (mean, 19.7 cm’). On the postirradiation 
scans, the range was 0.8 to 33.2 cm? (mean, 10.4 cm’), 
representing volume reductions between 11% and 88% 
(mean, 55%). In seven of the eight patients whose tumors 
were completely resected, the volumes on the postirradiation 
MR images were from 1.0 to 33.2 cm® (mean, 10.1 cm°); in 
these cases, the tumor volumes of the specimens measured 
between 0.5 and 31.8 cm? (mean, 6.7 cm°). In the eighth 
patient, the tumor volume could not be accurately measured 
in the specimen because the lesion consisted of multiple foci 
inside and outside of the bowel wall and in the adjacent 
capsule of the prostate. 

Before radiotherapy four patients had tumors that appeared 
to be confined to the bowel wall by virtue of a sharp margin 
between the bowel wall underneath the tumor and the peri- 
rectal fat (stage A-B,). After irradiation the bowel wall was 
markedly thickened, but no apparent changes were seen in 
the rectal wall/perirectal fat margin in three of these patients, 
and the tumor stage remained unchanged on MR. In the 
fourth case also, bowel wall thickening was seen on the 
postirradiation MR images, and extensive streaks of tissue 
from the bowel wall into the perirectal fat were noted. This 
case was therefore staged Bz (Fig. 1). On histologic exami- 
nation, however, no evidence of tumor invading the fat was 
found, and only streaks of fibrous tissue were detected in 
the fat. 

Before irradiation, six patients had tumors staged B2 be- 
cause of an irregular rectal wall underneath the tumor with 
tissue extending into the perirectal fat. After irradiation, the 
tumor extent in the perirectal fat diminished somewhat in five 
of these cases (in addition to the intraluminal shrinkage); 
however, no apparent reduction of the stage was noted. 
These cases were also staged B2 on histologic examination 
or at laparotomy (Fig. 2). In the sixth case, a reduction of 
stage appeared to have occurred because the tumor/fat 
margin became smooth after irradiation and no tissue was 
seen invading the fat on MR images (Fig. 3). On histologic 
examination the perirectal fat also had a normal appearance 
and no evidence of previously irradiated tumor was present. 
In one patient the tumor extended into the prostate (stage 
B3) on the MR images obtained before irradiation. After radio- 
therapy the lesion shrank, but the extension into the prostate 
persisted and was subsequently confirmed at histologic ex- 
amination. 

On gross examination, most carcinomas had an ulcerated 
surface that was flush with the adjacent mucosa or only 
slightly elevated. It was obvious that most of the tumor above 
the level of the mucosa had sloughed as a result of the 
radiotherapy. The surface of the carcinoma was formed pre- 
dominantly by granulation tissue, fibrin, and inflammatory 
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Fig. 1.—46-year-old man with small carcinoma on left lateral wall of rectum. 

A, Before radiotherapy, T1-weighted (SE 500/17) transverse MR image of tumor (T) shows a sharp margin between mass and perirectal fat (arrow), 
indicating that lesion is confined to rectal wall (stage A-B,). 

B, MR image at approximately same level after radiotherapy shows reduction in size of tumor. The rectal wall is thickened, and tissue strands are seen 
extending into perirectal fat (arrow). 

C, Photomicrograph of resected tumor specimen shows that wall is markedly thickened owing to fibrous tissue in bowel wall and in perirectal fat 
(curved arrow). Radiation fibroblasts were found at higher-power magnification. Most of tumor surface is ulcerated (straight arrow). 


Fig. 2.—64-year-old man with large carci- 
noma, chiefly involving posterior rectal wall. 

A, Before radiotherapy, T1-weighted (SE 500/ 
17) sagittal MR image shows tumor occupying 
most of rectal lumen. Extensive irregular strands 
of tumor (arrows) are seen in presacral fat, in- 
dicative of a stage B2 tumor. 

B, MR image at same level after radiotherapy 
shows that tumor is smaller. Stranding in presa- 
cral fat is less extensive and better defined than 
before irradiation (arrows); however, stage is 
unchanged. Note fatty replacement of bone mar- 
row of sacrum as a result of irradiation. 

C, Photograph of a section through tumor (be- 
tween large arrows) shows a conspicuously 
thickened wall (between connected arrowheads) 
beneath tumor and involvement of subserosal 
fat. Normal thickness of bowel wall is seen at 
extreme right. 

D, Photomicrograph of tumor shown in C 
shows mucinous carcinoma with extensive fi- 
brous reaction extending into perirectal fat (ar- 
row). 

(T = tumor, S = sacrum, B = rectal balloon, F 
= fibrous reaction.) 
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cells. Only a few neoplastic glands reached the surface. Most deeper portions of the mucosa, submucosa, muscularis, or 


tumors had the typical appearance of colorectal adenocarci- perirectal fat retained the architecture and cytologic appear- 
noma. One tumor was a mucinous carcinoma in which only a ance present in the original biopsy specimen obtained before 
few tumor cells were situated within large quantities of mucin. irradiation. One difference was the presence of greater necro- 


In most cases the adenocarcinomas that remained in the sis in the resected specimen than in the biopsy specimens. 


290 DE LANGE ET AL. 





Fig. 3.—48-year-old man with small tumor on anterior rectal wall. 
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A, T1-weighted (SE 500/17) transverse MR image of tumor (T) shows tissue strands (large arrow) extending to prostate (P), suggesting tumor growth 
outside bowel wall (stage B2). Note two low-intensity foci (small arrows), which may represent areas of dense fibrosis or calcification. 

B, MR image at same level after radiotherapy shows marked reduction of tumor size and only a small residual mass (straight arrow). Tumor is now 
sharply demarcated from perirectal fat, and there is no significant tissue stranding, which suggests that tumor is confined to bowel wall (stage A-B,). Note 
extensive thickening of rectal wall adjacent to tumor (between curved arrows). 

C, Photomicrograph of irradiated tumor shows necrosis of superficial portion of tumor and replacement by granulation tissue (curved arrow). Viable 
tumor is recognizable deeper in the wall (straight arrow); however, tumor did not extend through wall. Small foci of calcium are scattered in and near 


tumor (arrowhead). 


Some necrotic foci were occasionally associated with dys- 
trophic calcification. Fibrous tissue was located in and around 
the tumors. Irregular islands or strands of fibrous tissue were 
occasionally present in the perirectal fat in the absence of 
tumor. The fibrous tissue ranged from areas that were densely 
collagenized and sparsely cellular to lightly collagenized and 
markedly cellular. Radiation fibroblasts were frequently pres- 
ent. No consistent association between the variably cellular 
or variably collagenized fibrosis and preexisting or persisting 
tumor could be recognized. 


Discussion 


The clinical outcome of rectal carcinoma depends on the 
stage of the lesion at resection. When the mass is confined 
to the bowel wall and the lymph nodes are not involved, 
surgery is generally curative and the lesions recur in fewer 
than 10% of cases [10]. However, in advanced cases in which 
the tumor invades the perirectal fat or adjacent structures, or 
if there is lymph node involvement, surgery alone may not be 
effective, and the lesions recur in at least 30-50% of cases 
[10]. Preoperative radiotherapy at moderately high doses 
(4500-5000 cGy) in patients with clinically advanced tumors 
has significantly reduced local recurrence. Preoperative radio- 
therapy may also shrink the tumor, permitting sphincter pres- 
ervation surgery in some cases and improving the prognosis 
[7, 8]. 


In our study the masses reduced markedly in size as a 
result of radiotherapy, and the actual tumor volume in the 
surgical specimens was smaller than estimated from the MR 
scans. The tumor volumes on MR images were, for several 
reasons, overestimated. The most important problem with 
determining tumor volume after irradiation is that marked 
thickening of the bowel wall can occur [11]. This thickening 
is caused by inflammation of the mucosa and fibrosis of the 
muscularis propria or subserosa. We found this thickening on 
histologic examination in almost every case. It is usually 
present in the bowel wall beneath and adjacent to the tumor, 
and as there are no MR features to distinguish thickening 
from tumor, the thick wall is easily included in the tumor 
measurements made from MR images. Another reason for 
the poor correlation between the specimen volumes and the 
volumes measured from the MR images is the difficulty of 
determining the exact extent of a rectal lesion on MR images 
because the tumor may be folded in the curves of the bowel 
wall or valvulae conniventes. Also, the intraluminal extent of 
the lesion may be difficult to determine when bowel distension 
is insufficient. We use a rectal barium enema balloon and 
additional air for bowel distension, but this method achieves 
optimal distension only in the portion of the rectum where the 
balloon is located. Distension of the more proximal rectum 
may be less reliable because of bowel motility or variations in 
the amount of air inflated. In our study, we insufflated only 
small amounts of air because larger quantities are less well 
tolerated for an extended period. Another reason for the 
relatively poor correlation is that the volumes from the speci- 
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mens may have been slightly underestimated because some 
measurements, especially depth, were made on formalin-fixed 
tissue, and formalin fixation shrinks fresh tissue by approxi- 
mately 10%. 

Nevertheless, the findings from our study suggest that 
marked volume reduction may occur after irradiation and that 
the actual tumor reduction in most instances was even greater 
than is appreciated from the scans. This observation corre- 
lates well with other published findings. In two studies it was 
found that tumors of patients who received preoperative 
radiotherapy were significantly smaller than tumors that were 
not irradiated [2, 12]. However, no significant difference in 
tumor depth was found between the groups [2]. In 
other studies it was reported that complete tumor regres- 
sion was obtained in 4-10% of the patients who received 
preoperative irradiation [2, 13-15]. 

Downstaging has also been reported to occur as a result 
of preoperative radiotherapy. In most reports it is suggested 
that downstaging results chiefly from the reduction of lymph 
node involvement [1, 13]. Tumor shrinkage may, however, 
also play a role as fixed tumors are converted to resectable 
ones after preoperative irradiation [16]. In one of our patients, 
a change of tumor stage was inferred from the MR images 
(Fig. 3). On the image obtained before irradiation, an indication 
of tumor infiltrating the perirectal fat (stage Bz) was present. 
On the postirradiation scan, the tumor was markedly reduced 
in size and seemed to be confined to the bowel wall (stage 
A-B,). The latter finding was confirmed on histologic exami- 
nation. However, the histologic stage of the tumor before 
irradiation is unknown because this determination requires 
removal of the entire tumor. Moreover, no histologic proof of 
the stage before irradiation was found in the surgical speci- 
men obtained after irradiation, that is, no evidence was seen 
of dystrophic calcification or other evidence of prior tumor 
outside the wall. However, in a previous study of 29 patients 
with rectal carcinoma, we found that the local extent of tumors 
that had not received preoperative irradiation could be cor- 
rectly determined on MR [9]. In particular, tumors invading 
the perirectal fat (stage Bz) could be well differentiated from 
lesions confined to the bowel wall (stage A-B,). Since the 
perirectal fat displays high signal intensity on T1-weighted 
images, tumor strands displaying low signal intensity can be 
readily identified, and it is, therefore, relatively easy to distin- 
guish stage B2 tumors from A-B, lesions. In light of our 
previous experience, in the one patient with possible down- 
staging after irradiation, staging of the tumor before irradiation 
may have been correct and reduction of stage may actually 
have occurred. 

In one case, extensive streaks of tissue that were not seen 
before irradiation were noted outside the bowel wall on the 
postirradiation scans. Because no tumor was found outside 
the bowel wall on histologic examination, this case was 
overstaged by MR. Overstaging of stage A-B, rectal carci- 
nomas by MR is a common problem because streaks of 
fibrous tissue may form in the perirectal fat as a result of the 
radiotherapy. These streaks can easily be mistaken for tumor 
because MR cannot differentiate reactive fibrous tissue from 
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tumor infiltration into the fat [9]. Extensive fibrosis was seen 
on the histologic specimens in and around the tumors in 
almost all cases. We were unable to determine histologically 
whether fibrous tissue in the perirectal fat was the result of 
irradiation or was the site of previous tumor that had become 
totally necrotic and disappeared. It is also possible that the 
fibrosis in the subserosal or perirectal fat resulted from unre- 
lated conditions, such as endometriosis or previous abdominal 
surgery. 

Unfortunately, we could investigate only a relatively small 
group of patients with an assortment of stages encountered 
during a relatively long period of 3 years. More experience is 
needed to further define the role of MR imaging in patients 
undergoing preoperative radiotherapy, particularly those with 
advanced tumors. From previous experience it has become 
clear that MR imaging can be successfully used to determine 
local tumor extent in patients who have not undergone pre- 
vious radiotherapy or surgery [9]. In particular, because MR 
imaging may permit distinction between tumors limited to the 
rectal wall and those infiltrating the perirectal fat, the tech- 
nique may be very helpful in selecting patients for preoperative 
irradiation. 

A major potential clinical advantage of postirradiation MR 
imaging of locally advanced rectal carcinoma is the determi- 
nation of resectability of a lesion that was initially considered 
nonresectable or marginally resectable. If a lesion is deemed 
unresectable after moderately high dose radiotherapy, the 
treatment becomes radiotherapy alone. In this situation, MR 
images that show tumor size and location after radiotherapy 
are of value in precisely defining a high-dose boost volume 
(6000-6500 cGy) for radiotherapy. When MR scans have 
determined that volume reduction has taken place, the field 
sizes for the boost portal may be reduced, limiting the expo- 
sure of the surrounding normal tissues to high-dose radiation. 

The results from the current study suggest that MR imaging 
may be useful in determining reduction of tumor size after 
radiotherapy and, perhaps, in downstaging the tumor. More 
experience is needed, particularly with advanced tumors 
(stages B2, Bs, and C), to determine the ultimate role of MR 
imaging in the preoperative treatment of rectal carcinoma. 
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Visceral Metastases from 
Melanoma: Findings on MR Imaging 





Typical ocular and CNS melanomas are hyperintense on T 1-weighted MR images and 
hypointense on T2-weighted MR images. We performed MR imaging in 48 patients with 
melanoma metastatic to visceral organs. Images were reviewed retrospectively in order 
to determine whether there were predominant MR features specific for visceral mela- 
noma and to see if visceral metastases have MR characteristics similar to metastases 
in the CNS. Eleven patients also were examined after injection of gadopentetate 
dimeglumine to evaluate the enhancement characteristics of these tumors. Two hundred 
sixty-one lesions were found. Lesions were classified according to their signal intensities 
relative to uninvolved liver on T1-weighted, T2-weighted, and short TI inversion recovery 
(STIR) pulse sequences. Most commonly, lesions were either hypointense or isointense 
on T1-weighted sequences and hyperintense on T2-weighted and STIR sequences (185 
lesions). Less frequently, lesions were hyperintense on T1-weighted sequences and 
hypointense or isointense on T2-weighted and STIR sequences (59 lesions). A mixed 
pattern was seen on T1- and T2-weighted sequences in 17 lesions. The patterns did not 
correlate with lesion size. Of the three sequences studied by subjective comparison, 
the STIR sequence in our series had the highest sensitivity for lesion detection and 
yielded the highest lesion conspicuity. Injection of gadopentetate dimeglumine in 11 
patients did not increase either the number or the conspicuity of lesions seen. 

Our results show that visceral metastases from melanoma have a wide variety of 
appearances on MR images. The STIR sequence appears to be optimal, and the 
metastases do not enhance with gadopentetate dimeglumine. 
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Malignant melanoma is a relatively common neoplasm, with an incidence of 10 
cases per 100,000 population per year [1]. The incidence has increased in recent 
years, probably because of increased exposure of patients to sunlight and early 
detection. The mean age at presentation for stages 1 and 2 melanoma is 45 years 
[1]. A sensitive method that does not require ionizing radiation is needed for 
screening, detecting, and monitoring the response to therapy of visceral metas- 
tases. 

There has been much interest recently in the MR imaging of malignant melanoma. 
Most imaging studies, however, have concentrated on the orbits [2-5], intracranial 
structures [6, 7], or cutaneous lesions [8, 9], and little information is available on 
metastatic melanoma involving the viscera. 

We reviewed the MR examinations of 48 patients with malignant melanoma and 
metastases to various parts of the body, excluding the orbits and brain, to determine 
if there was any predominant MR finding specific for this tumor and to see if visceral 
metastases from melanoma had MR characteristics similar to published descrip- 
tions of melanoma metastatic to the CNS. We analyzed various pulse sequences 
to determine which sequence optimally visualized the lesions. Enhanced images 
were also reviewed to determine the enhancement characteristics of these lesions. 
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Materials and Methods 
Selection of Cases 


Forty-eight patients with known metastatic melanoma were in- 
cluded in the study. We obtained patients’ names from the MR and 
oncologic data bases. These are names of patients with malignant 
melanoma who had MR imaging at this institution from June 1, 1988, 
to December 31, 1990. All MR studies were performed in the course 
of routine clinical care, and informed consent was obtained from all 
patients before scanning. Metastatic melanoma was diagnosed on 
the basis of biopsy findings of at least one distant site in all cases. 
When the patient had only one site of metastasis, this was almost 
invariably sampled by biopsy. The only time biopsy was not done 
was when multiple lesions involved several organs; then, only one 
site was sampled, and it was assumed that the other lesions repre- 
sented the same abnormality. The patients were 20-74 years old 
(mean, 44 years), and the group had 28 men and 20 women. The 
initial diagnosis of melanoma was made from 2 weeks to 26 years 
(mean, 4-5 years) before the MR examination. The sites of the 
primary lesions included predominantly the trunk, extremities, head, 
and neck. The primary site was unknown in seven patients. 


Imaging Techniques 


MR imaging was performed on a 0.5-T Picker scanner (Picker 
International, Highland Heights, OH) in 41 patients, on a 0.5-T Gyro- 
scan (Philips Medical Systems, Shelton, CT) in four patients, and on 
a 1.5-T Signa scanner (General Electric, Milwaukee, WI) in three 
patients. Pulse sequences were performed as follows: 48 patients 
had contiguous axial T1-weighted spin-echo scans, 300-500/12-20/ 
8 (TR/TE/excitations), with a 128 x 256 matrix and 10-mm slice 
thickness; 34 patients had contiguous axial T2-weighted spin-echo 
scans, 2000/80-100/4 (TR/TE/excitations), with a 160 x 256 matrix 
and 10-mm slice thickness; and 40 patients had contiguous axial and 
coronal short TI inversion recovery (STIR) scans, 1500-1640/100- 
140/26-30/4 (TR/TI/TE/excitations), with a 160 x 256 matrix and 
10-mm slice thickness. Gadopentetate dimeglumine, 0.1 mmol/kg 
(Berlex, Plainfield, NJ), was injected IV in 11 patients. We performed 
35 MR examinations of the abdomen, 15 of the chest, five of the 
pelvis, eight of the neck, and three of the spine. 


Image Analysis 


The MR images were evaluated by two radiologists, and results 
were arrived at by consensus. Each pulse sequence was scored 
individually. Lesions were defined as being hypo- or hyperintense 
relative to the signal intensity of the liver on the basis of their 
appearance on the filmed image. We used the liver’s signal intensity 
rather than the signal intensity of the surrounding normal tissue for 
comparison so that we could standardize what we labeled as hypo- 
or hyperintense. This was particularly useful as we had several lesions 
in the subcutaneous fat and nodes, where the surrounding tissue 
was fat and a lesion would always be hypointense compared with it 
on a T1-weighted sequence. The different sequences were photo- 
graphed in a standard routine way, and no effort was made to 
enhance or detract the image by using different windows. Lesions 
were categorized into four main types based on their T1 character- 
istics as isointense, hypointense, hyperintense, and mixed. Each 
category was then further subdivided into four subtypes based on 
the signal of the lesion on T2-weighted images. For example, a lesion 
that was isointense on T1-weighted images and hyperintense on T2- 
weighted images would fall into the main category 1 and subtype c. 
Lesions with rings around them were grouped separately. Lesion 
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score was noted separately for T2-weighted and STIR sequences, 
as they differed occasionally. 

The sequence(s) that provided the highest lesion conspicuity (i.e., 
greatest visual signal-to-noise ratio) for each patient was determined 
subjectively. 


Results 
Analysis of MR Sequences 


We detected 261 lesions. The sites of involvement included 
liver (148 lesions), lymph nodes (43 lesions), muscle and bone 
(28 lesions), subcutaneous fat (13 lesions), adrenal glands 
(nine lesions), lung and spleen (six lesions each), intraabdom- 
inal fat (four lesions), and miscellaneous sites (four lesions). 
The frequency of involvement of each of these sites was as 
follows: of 15 chest MR images that were reviewed, lung 
metastases were seen on eight (53%). Of 35 abdominal MR 
images reviewed, the liver was involved on 27 (77%), adrenal 
metastases were seen on eight (23%), and splenic metas- 
tases were seen on three (8%). Of a total of 63 images 
reviewed, lymph node involvement was seen on 15 (24%) 
and metastases to the muscle and bone were seen in 19 
(30%). 

The MR signal-intensity patterns were analyzed in detail 
and then simplified into four main categories: (1) hypointense 
or isointense on T1-weighted images and hyperintense on 
T2-weighted images (185 lesions), (2) hyper-, iso-, or hypoin- 
tense on T1-weighted images and hypointense on T2- 
weighted images (40 lesions), (3) hyper-, iso-, or hypointense 
on T1-weighted images and isointense on T2-weighted im- 
ages (19 lesions), and (4) mixed or hyperintense on T1- 
weighted images and mixed or hyperintense on T2-weighted 
images (17 lesions). 

Of the 148 lesions (in 23 patients) in the liver, the distribution 
was as follows: 84 lesions fell into category 1, 33 lesions into 
category 2, 16 lesions into category 3, and 15 lesions into 
category 4. The maximal diameter of the lesions ranged from 
0.5 to 10 cm (mean, 2.8 cm). The MR signal characteristics 
were independent of the size of the lesions. 

All 43 lesions (in 11 patients) seen in the lymph nodes fell 
into category 1. The lesions ranged from 0.5 to 7.0 cm (mean, 
2.7 cm) in maximal diameter. 

In the spleen (six lesions in two patients), two lesions fell 
into category 1, two into category 2, and two into category 
4. The maximal diameter of these lesions ranged from 1 to 5 
cm (mean, 3 cm). Again, the signal characteristics were 
independent of the size of the lesions. 

Of the nine lesions (in seven patients) in the adrenal gland, 
four fell into category 1, three into category 4, and one each 
into categories 2 and 3. The sizes ranged from 1 to 10 cm 
(mean, 4.1 cm). There was no correlation again between the 
MR signal intensity and size of the lesion. 

There were 28 lesions (in 14 patients) in the muscle and 
bone. Of these, 24 fell into category 1, two into category 3, 
and two into category 4. The lesions ranged from 1 to 13 cm 
(mean, 4.5 cm) in maximal diameter. The lesions seen in 
categories 3 and 4 were similar in size to those seen in 
category 1. 
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Of the six lesions (in six patients) in the lung, five fell into 
category 1 and one into category 3. The lesions ranged from 
1 to 5 cm (mean, 2.5 cm) in maximal diameter. In the subcu- 
taneous fat (13 lesions in eight patients), nine were in category 
1, two in category 2, and one each in categories 3 and 4. 
These ranged from 0.5 to 3 cm (mean, 1.5 cm) in maximal 
diameter. 

The lesions in the lymph nodes and a majority of lesions in 
the liver appeared to fall into category 1. There was, however, 
no correlation between the signal intensity patterns and the 
size of the lesions. Different lesions in the same patient also 
showed different signal-intensity patterns. 

Thirty-four patients with 183 lesions had all three MR 
imaging sequences (T1-weighted, T2-weighted, STIR). The 
pulse sequences providing the greatest conspicuity of each 
individual lesion were as follows: 139 lesions (76%) were best 
seen on the STIR sequence, 33 lesions (18%) were seen 
equally well on T2-weighted and STIR, six lesions (3%) were 
seen best on T1-weighted, two lesions (1%) were seen best 
on T2-weighted, and three lesions (2%) were not seen at all 
on any of the sequences. Of note, eight lesions were detected 
on STIR images only, as they were isointense on T1- and T2- 
weighted images. Six lesions (3%) were detected on T1- 
weighted images only and were isointense on T2-weighted 
and STIR images. 

When T1-weighted and T2-weighted sequences were the 
only two sequences performed, the lesion was characterized 
better on T1-weighted images in five instances, and the 


Fig. 1.—54-year-old man with melanoma met- 
astatic to liver and spleen. 

A, T1-weighted MR image of abdomen shows 
two hyperintense hepatic masses (arrows) and 
hypointense splenic mass surrounded by hyper- 
intense ring. 

B, STIR MR image shows that hepatic lesions 
are now hypointense (arrows), and splenic le- 
sion is now hyperintense with a hypointense 
ring. 


Fig. 2.—63-year-old woman with melanoma 
metastatic to liver and lung. 

A, Two hypointense hepatic masses are seen 
on T1-weighted MR image. 

B, On STIR MR image, masses are now hy- 
perintense. 
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remaining 32 lesions were seen better on T2-weighted im- 
ages. When T1-weighted and STIR were the two sequences 
used (for 40 lesions), STIR was better in 36, T1-weighted 
was better in two (where the lesion was isointense on STIR), 
and two lesions were seen equally well on both sequences. 

Eleven patients with 21 lesions were studied after injection 
of gadopentetate dimeglumine. Of these, seven lesions were 
in the liver and the others were more or less equally distributed 
among other organs. No enhancement was seen in 14 lesions, 
slight enhancement was seen in five lesions, and moderate 
enhancement was seen in two lesions. The enhanced images 
did not increase lesion conspicuity when compared with the 
unenhanced images. 


Discussion 


Malignant melanoma is a very aggressive cancer known to 
metastasize widely [10, 11]. The incidence of metastases 
appears to be strongly influenced by the stage of the primary 
lesion [12, 13]. CT continues to be the main technique used 
to diagnose and stage visceral metastatic melanoma [14-17]. 
Little, however, has been published about the MR character- 
istics of visceral metastatic melanoma [18]. 

On MR, ocular and CNS melanomas are hyperintense on 
T1-weighted images and hypointense on T2-weighted im- 
ages. Several theories have been postulated to explain the 
imaging characteristics of these tumors, including their mela- 
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nin content and the hemorrhage frequently associated with 
them [19]. 

Our study showed a spectrum of changes on MR. Typical 
findings in the body differed, however, from the typical find- 
ings of CNS and ocular melanomas mentioned earlier. Only 
26 (10%) of 261 lesions showed hyperintensity on T1- 
weighted images and hypointensity on T2-weighted or STIR 
images (Fig. 1). Ten lesions (4%) were hyperintense on T1- 
weighted but stayed isointense on T2-weighted or STIR 
images. The most common MR finding was a hypointense 
mass on T1-weighted images that was hyperintense on T2- 
weighted or STIR images (Figs. 2 and 3). This appearance 
can be seen with other pathologic changes and is not specific 
for melanomas. A ring surrounding the lesion was detected 
in 13 lesions (5%) (Fig. 4). Although ring lesions themselves 
are not specific, melanoma should be considered in the dif- 
ferential diagnosis, especially if the lesions also appear hy- 
pointense on T2-weighted or STIR sequences. This signal 
characteristic (i.e., hypointensity on T2-weighted images) is 
unusual on MR. Other entities that may cause it, besides 
melanoma, include hemorrhagic lesions and regenerative nod- 
ules [20]. It is of interest to note that a spectrum of findings 
was seen on MR images of the same patient. In fact, lesions 
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in the same organ showed different imaging characteristics. 
The MR imaging characteristics were independent of the size 
of the lesion. 

The three sequences in our study were complementary 
to one another in showing the lesions, but the STIR se- 
quence was the most sensitive and useful in localizing the 
metastases (Fig. 5). Comparison of T2-weighted and STIR 
sequences showed that eight lesions were detected on 
STIR sequences that were isointense and not seen on T2- 
weighted sequences. Conversely, no lesions detected on 
T2-weighted sequences were missed on STIR sequences. 

Although, to our knowledge, none of our patients had 
cirrhosis or fatty infiltration, it is conceivable that the presence 
of these changes could influence the MR characteristics of 
the individual lesions. For example, a lesion that would have 
been hyperintense on T1-weighted sequences, relative to 
normal liver, could conceivably appear isointense with a fatty 
infiltrated liver; or a lesion that would have been hypointense 
relative to the liver on the STIR sequence could conceivably 
appear isointense and be missed in the presence of fatty 
infiltration, as the STIR sequence would suppress the signal 
from a fatty liver. 

Gadopentetate dimeglumine was not helpful (Fig. 6). Be- 


Fig. 3.—30-year-old man with melanoma met- 
astatic to pelvis. 

A, T1-weighted MR image shows hypointense 
masses involving right iliac region (solid arrows) 
and both sides of sacrum (open arrows). 

B, Hyperintense masses are seen better on 
STIR MR image owing to greater lesion-to-back- 
ground contrast. 


Fig. 4.—59-year-old man with melanoma met- 
astatic to liver and right paratracheal area. 

A, T1-weighted MR image shows hyperin- 
tense right-sided hepatic mass. 

B, STIR MR image shows that mass is hypoin- 
tense with hyperintense ring. 
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Fig. 5.—68-year-old man with melanoma metastatic to liver and adrenal glands. 
A, T1-weighted MR image shows isointense mass in left adrenal gland (short arrow), mixed-signal-intensity mass in right adrenal gland (long black 


arrow), and hypointense mass near portal vein (white arrow). 


B, T2-weighted MR image shows that hepatic mass and mass in right adrenal gland are hyperintense. 


C, Hyperintense adrenal masses are seen better on STIR MR image. 





Fig. 6.—59-year-old man with melanoma metastatic to liver and brain. 
A, STIR MR image shows hypointense hepatic mass (arrow). 





B, Mass is isointense with liver and, therefore, is not seen on T1-weighted MR image. 
C, T1-weighted MR image obtained after injection of gadopentetate dimeglumine also does not show mass. 


cause most lesions are hypointense relative to normal liver 
parenchyma with T1-weighting, tumor enhancement actually 
obscures lesions in certain instances. Hyperintense lesions 
are already rather obvious, and additional hyperintensity was 
not beneficial. The number of patients studied with gadopen- 
tetate dimeglumine was small, however, and further work is 
needed to conclusively determine the role of this agent. 
Many of our patients were on immunotherapy protocols at 
the time of MR imaging, and it is speculative what part this 
played in changing the MR signal. Further work, before and 
after treatment, must be done to determine this conclusively. 
In conclusion, this study shows the wide spectrum of 
changes seen with MR for visceral metastatic melanoma. The 


STIR sequence appears to be the best for imaging lesions. In 
the limited number of cases studied after injection of gado- 
pentetate dimeglumine, it did not enhance detection of le- 
sions. 
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Technical Note 





Delineation of Surgical Segmental Liver Anatomy: Value of 
PRISE, an MR Fast-Scanning Technique 


Cris A. Meyer,’ Edgar Colon,’ Terry Provost,” and John L. Sherman® 


The importance of the Couinaud and Bismuth classification 
of segmental liver anatomy in the preoperative assessment 
of potentially resectable primary and metastatic neoplasms of 
the liver has been emphasized in recent articles in the surgical 
literature [1-3]. Proponents of these techniques claim 1- and 
5-year survival rates of 70% and 32%, respectively, for pa- 
tients with primary neoplasms of the liver [2]. Patients with 
one to three metastases from colorectal cancer have a 20- 
40% 5-year survival rate in various surgical series [4]. In this 
report, we describe a protocol for MR imaging of the liver that 
simplifies the delineation of the segments of the liver. 


Surgical Segmental Anatomy 


Most descriptions of the anatomy of the liver in the radiology 
literature divide the liver into right, left, quadrate, and caudate lobes. 
The classification of Couinaud and Bismuth [1] defines an eight- 
segment liver. Segment one is the retrocaval portion of the caudate 
lobe. The other segments are defined by a transverse plane dividing 
the liver at the level of the right and left main portal trunks (Fig. 1). 
The liver is then divided by scissurae radiating from the inferior vena 
cava in the plane of each of the three hepatic veins (the term 
“scissura” is used to indicate that these boundaries are conceptual 
and do not correspond to gross external landmarks; i.e., fissures). 
The segmental anatomy is thus defined by the major vascular tree 
and identifies clear surgical planes for resection. 
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Although this is a simple segmental classification in theory, clear 
delineation of the three main dividing scissurae is hampered by the 
lack of surface landmarks. The definition of these nonorthogonal 
segments with traditional axial imaging has proved cumbersome. 
Sugarbaker et al. [5] correlated the axial hepatic anatomy by CT 
portography with the Couinaud and Bismuth classification. CT por- 
tography, although the most sensitive imaging technique for cancer 
staging, is not a procedure performed by most institutions on a 
routine basis. It also requires one to conceptualize the segmental 
anatomy in the axial plane. The PRISE (phase-symmetrized rapid 
increased flip spin-echo) pulse sequence provides a simple, nonin- 
vasive method of identifying the surgical segmental anatomy of the 
liver. 


PRISE Technique 


The PRISE technique is ideally suited for body MR imaging be- 
cause it increases the signal-to-noise ratio (S/N) while decreasing 
scanning time and allowing elimination of certain confounding motion 
artifacts. It is a spin-echo technique in contradistinction to most 
current fast-scanning techniques, which are gradient-refocused se- 
quences (Fig. 2). Ernst and Anderson [6] demonstrated that the 
transverse magnetization of a system of equally spaced RF pulses is 
given by the equation 


_ Mo sin(a) [1 — TR exp (~TR/T1)] 
~ [1 — cos (a) exp (—TR/T1) (TR)] ` 
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Fig. 1.—Drawing shows surgical segmental anatomy of liver as de- 
scribed by Couinaud and Bismuth. Liver is subdivided by four scissurae. 
One is oriented in axial plane at level of right and left main portal veins; 
three sagittal oblique scissurae are oriented in planes of three hepatic 
veins. 








Fig. 2.—Diagram of phase-symmetrized rapid increased flip spin-echo 
(PRISE) pulse sequence. 
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which results in a maximum signal (M) when the flip angle is defined 
by the Ernst angle [7]. In the PRISE sequence, the standard flip angle 
of 90° is changed to a nonstandard angle of 180° minus the Ernst 
angle, creating the maximum S/N per unit time [8]. When the above 
equation is solved for a TR of 300 msec, TE of 10 msec, T1 = 420 
msec, and T2 = 43 msec, the S/N is maximized at 119° and the net 
S/N improvement is approximately 15%. This allows magnetization 
to be preserved along the longitudinal axis, thereby reducing signal 
saturation and boosting S/N. By starting with short TR and TE, the 
net effect is to increase equilibrium magnetization in the longitudinal 
direction, preferentially for tissues with longer T1 values. This allows 
images to retain their diagnostic quality by increasing S/N while 
decreasing TR, TE, and the number of excitations and, thus, scanning 
time. 

We used this technique with a 1.0-T Picker Vista HPQ MR scanner 
(Highland Heights, OH) with Q750 software. For a TR of 300 msec 
and a TE of 10 msec, an optimum flip angle of 119° was calculated. 
One half excitation was obtained on a 150 x 256 matrix. The field of 
view was 35 cm, with a slice thickness of 8 mm. Images were 
obtained in volunteers who were instructed to hold their breath and 
perform the Valsalva maneuver during the image acquisition (approx- 
imately 45 sec). No additional preparation time was necessary to 
establish a steady-state condition, as the sequence uses a “hot start” 
option, thereby equilibrating the spin system during the time (1-5 
sec) necessary to give the patient breathing instructions. Initially, a 
set of axial images was obtained through the dome of the liver to 
identify the proximal several centimeters of the main hepatic veins; 
these define the projected location of the right, middle, and left 
scissurae (Fig. 3). Presaturation pulse sections were placed on either 
side of a book of five images obtained through each scissura. Total 
scanning time was 45 sec per book of five images, and a total of 
three books were obtained, one each through the right, middle, and 
left portal scissurae. 


Results 


This technique delineates the intersegmental scissurae by 
radially orienting a plane along the axis of the hepatic vein. 
For example, the two images obtained lateral to the right 
hepatic vein separate segments 6 and 7 from those obtained 
medial to the right hepatic vein, segments 5 and 8 (Fig. 1). 
The superior vs inferior division is easily identified at the level 
of the main portal veins. The second book of images distin- 
guishes segments 5 and 8 from those to the left of the middle 


Fig. 3.—Scout axial MR image shows pre- and 
postsaturation pulse slices and a book of five 
images, G1 through G5, bracketing plane of mid- 
dle scissura (G3). Sections G1 and G2 are to 
right of middle scissura and thus contain adja- 
cent portions of segment 8, superiorly, and seg- 
ment 5, inferiorly. Likewise, sections G4 and G5 
are to left of middle scissura and contain adja- 
cent portions of segments 4a and 4b. 


Fig. 4.—MR image obtained in plane of middle 
hepatic vein (G3) defines location of middle scis- 
sura. As this scan is obtained in a sagittal oblique 
orientation, middie hepatic vein (arrowhead) is 
seen coursing diagonally toward inferior vena 
cava (short wide arrow). Dashed horizontal line 
defines superior vs inferior division of hepatic 
segments at level of main portal vein (long thin 
arrow). 
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hepatic vein, segments 4a and 4b (Fig. 4). Finally, the images 
lying lateral to the left hepatic vein and falciform ligament are 
segments 2 and 3. This radial imaging technique uses the 
scanning plane to define the limits of the intersegmental 
scissurae. 

We wish to emphasize that this technique is not meant to 
replace either axial T1- or T2-weighted imaging. It does allow 
rapid (five images in 45 sec) and simple segmental localization 
of a lesion or lesions. At present, the T1-weighted nature of 
this technique limits its usefulness for lesion detection; how- 
ever, with the advent of pharmaceuticals targeted for the 
reticuloendothelial system, MR may replace CT portography 
as a less-invasive tool for simultaneous cancer screening and 
staging. The novel radial arrangement of scanning planes with 
the PRISE scanning technique permits rapid localization of 
lesions within the surgical segmental anatomy of the liver. 
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Who Did It First? 


Raymond A. Gagliardi’ 


Apparently, no one ever did anything first, whether it be the 
discovery of America, the invention of the airplane or automobile, or 
the development of the smallpox vaccine. Every event of this sort 
produces a rash of claims to priority. Because the centennial of the 
discovery of the X-ray is at hand, | will try to define some firsts in the 
field of radiology. 

First, let us consider the X-ray itself. We all know Roentgen 
discovered its use in 1895, but consider this from Roger Bacon (ca. 
1220-1292) [1]: “No substance is so dense as to prevent rays from 
passing. Thus the rays of heat and sound penetrate through the walls 
of a vessel of gold or brass. .. . There are many dense bodies which 
altogether interfere with the visual and other senses of men so that 
rays can not pass with such energy as to produce an effect on the 
human senses and yet nevertheless rays do really pass through 
without our being aware of it.” 

Now, let us approach another area of controversy. Who was 
America’s first medical radiologist? There are several claimants, but 
the one who seems to fit the scientific and medical definition of a 
radiologist best is Francis H. Williams (1852-1936) of Boston. A 
graduate of the Massachusetts Institute of Technology, Williams 
worked at Boston City Hospital and published his first paper on 
radiology in the Boston Medical and Surgical Journal (predecessor to 
the New England Journal of Medicine) as early as February 20, 1896. 
He established criteria for radiologic-pathologic correlation and broke 
away early from treating the X-ray as a curiosity by teaching, “To use 
the Roentgen rays successfully in practice, it is first essential that the 
physician becomes familiar with the appearances in the fluoroscope 
which present themselves in health.” Early recognition of the danger 
of the X-ray saved Dr. Williams from sharing the martyr’s crown with 
so many other pioneers. He described very early the radiologic 
abnormalities to be expected in pneumonia, tuberculosis, aortic aneu- 
rysm, and pneumothorax [2]. 

Grigg [3] makes a strong case that the first medical radiologist 
was William James Morton of New York, who probably entered the 
field before Williams. Morton was involved in electrotherapy and had 
electrical equipment available to him for the production of films, but 
he never developed Williams’ scientific approach. In later life he was 
involved in a bunco scheme and served time in prison, although his 
civil rights were reinstated through a pardon from President Wilson. 
His reputation remains tarnished, however. 

Who exposed the first X-ray film in the United States? The key to 
this one is documentation. Many, including Morton and Grubbe, have 
claimed priority, but the credit must go to Arthur Williams Wright, 
professor of experimental physics at Yale, who made his exposure 
on January 27, 1896, and reported the event 4 days later, with 
diagrams and reproductions in the February 1, 1896, issue of Engi- 
neering and Mining Journal. This is a target that our present-day 
editors might choose to emulate [2]. 


Which was the first radiologic society? The British Roentgen 
Society, founded in 1897, is established as the oldest in the world 
[1]. The American Roentgen Ray Society is the oldest by far in this 
country and, depending on which side of the Greenwich meridian the 
British radiologists met, might claim to be the oldest, in the Western 
Hemisphere [4]. 

Who invented the Potter-Bucky grid? Was it Hollis Potter or Gustav 
Bucky? Or was it Eugene Caldwell working independently? Perhaps 
Potter is best qualified to answer. Writing in the AJR in 1931 [5], 
Potter reviewed the history of the grid and said he wrote to inform 
those who were trying to “discredit the original work of Bucky.” In 
fairness, it should be noted that Potter had worked with the concept 
independently and was responsible for the changes that made the 
grid practical for radiology. However, Hollis Potter graciously chose 
to call it the Bucky-Potter grid [5]. 

Which is the oldest radiologic journal in America? No questions 
here. The American Journal of Roentgenology, although not the very 
first, is the oldest among those that survived [6]. 

Perhaps the most difficult area in which to give credit is body 
section radiography. As early as 1914, the idea of blurring by tube 
motion was advanced by Carol Mayer of Poland. Until 1927, reports 
of similar ideas came from Italy, France, and Germany. However, it 
was a Self-taught radiologic technician, Jean Keiffer, lying on his back 
in the Norwich, CT, Tuberculosis Sanitarium, who devised the idea 
of an archimedean spiral movement of tube and film. Suffering from 
sternoclavicular tuberculosis, he needed this procedure to demon- 
Strate the progress of his own disease. Finally, with the aid and 
support of Dr. Sherwood Moore, his machine became a commercial 
reality and was the best of the many proposed models. Interestingly, 
even after Keiffer received a patent in 1929, several European radi- 
Ologists continued to discover the method and even tried to make 
patent applications (Wilson HM, personal communication). 

There are many other questions of priority in the field of radiology. 
For instance, whose basic work led to the CT scanner or who first 
used negative rather than positive film? | leave these for others to 
solve; the path to the answers is covered with more pitfalls than one 
report can cover. 
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In preparation for the 1995 centennial celebration of the discovery of the X-ray, the AJR will periodically publish History Pages, which deal with events leading 


up to and occurring around the time of the discovery. 
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Dynamic MR Imaging of the 
Abdomen with Gadopentetate 
Dimeglumine: Normal Enhancement 
Patterns of the Liver, Spleen, Stomach, and 
Pancreas 





To show the normal contrast enhancement patterns of the upper abdominal organs, 
dynamic gadopentetate dimeglumine-enhanced MR imaging of the upper abdomen was 
performed in 48 patients. Although all patients were originally examined for focal hepatic 
lesions, none of them had diffuse parenchymal disease of any of the examined organs. 
Dynamic gadopentetate dimeglumine-enhanced MR imaging was done by using a 
heavily T1-weighted gradient-echo sequence (100/5 [TR/TE], 80° flip angle) performed 
before, and repeatedly for a period of 10 min after, an IV bolus injection of gadopentetate 
dimeglumine (0.1 mmol/kg). Signal enhancement in each of the organs was calculated 
by measuring the signal intensity before and after administration of contrast medium. 
All organs showed signal enhancement within the first 2 min (p < .001) and a continuous 
decline thereafter. The enhancement of the pancreas, liver, stomach wall, spleen, and 
renal cortex reached peaks of 75%, 78%, 96%, 144%, and 216%, respectively, 45 sec 
after administration of contrast medium. Liver and pancreas showed a homogeneous 
enhancement pattern throughout the examination. The spleen appeared heterogeneous 
during the first 60 sec and homogeneous thereafter. Two zones could be distinguished 
on the contrast-enhanced images of the stomach wall: an enhanced inner zone and an 
unenhanced outer zone. 

We conclude that homogeneous enhancement of the liver and pancreas, early het- 
erogeneous enhancement of the spleen, and enhancement of the inner gastric wall are 
normal patterns on dynamic gadopentetate dimeglumine-enhanced MR images. 
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The ability to recognize normal patterns of contrast enhancement of the upper 
abdominal organs on dynamic gadopentetate dimeglumine—enhanced MR images 
is necessary in order to identify diseases of these organs. An enhancement pattern 
shows the differential distribution of the contrast medium within the organ. Rec- 
ognition of the degree of enhancement as a function of time also is important for 
optimizing lesion-to-organ contrast and for characterizing lesions on the basis of 
their enhancement. 

It has been possible to perform dynamic contrast-enhanced examinations of the 
abdominal organs by using fast pulse sequences in combination with bolus injection 
of gadopentetate dimeglumine [1-4]. Gadopentetate dimeglumine (Schering AG, 
Berlin) is a contrast agent administered IV that diffuses rapidly into the extracellular 
space and is excreted by glomerular filtration [5]. It enhances images primarily by 
decreasing T1 relaxation time in tissues in which it accumulates [6]. Bolus injection 
of gadopentetate dimeglumine has been proved to cause no harmful effects in 
experimental animals [7] or in patients [8]. 

This study was undertaken to determine the changes in signal intensity and to 
describe the enhancement patterns of the upper abdominal organs (liver, spleen, 
pancreas, and stomach) on dynamic gadopentetate dimeglumine—enhanced MR 
images. 
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Subjects and Methods 
Subjects 


Forty-eight subjects (26 women; mean age, 49 years; and 22 men; 
mean age, 55 years) were included in this study. Almost all subjects 
had originally been examined for focal liver lesions. Although some 
of the subjects had such focal lesions, none of them had clinical 
evidence of diffuse parenchymal disease of any of the examined 
organs. This was further evidenced by the normal results on liver and 
kidney function tests. An identical study protocol was used for all 
subjects. 


MR Imaging 


Imaging was performed with a superconducting magnet (Magne- 
tom, Siemens, Erlangen, Germany) at a field strength of 1.5 T. All 
subjects were imaged in the transaxial abdominal plane (8-mm slice 
thickness, 2-mm slice gap). We used a heavily T1-weighted gradient- 
echo sequence (GRE), in the fast low-angle shot (FLASH) technique. 
Its parameters were as follows: repetition time (TR) of 100 msec, 
echo time (TE) of 5 msec, flip angle of 80°, 128 phase-encoding 
steps, and one excitation per step. This pulse sequence enabled us 
to obtain five slices in 15 sec during suspended respiration. 

The following examination protocol was used: (1) When the subject 
was on the table, a venous catheter was placed and attached through 
a long connecting tube to a 20-ml syringe for injection of gadopen- 
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tetate dimeglumine without changing the person’s position. (2) The 
previously described sequence was used for unenhanced imaging in 
all subjects. (3) Gadopentetate dimeglumine was given through the 
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Fig. 1.—Graph shows mean signal enhancement of normal pancreas, 
liver, stomach wall, spleen, and renal cortex on dynamic gadopentetate 
dimeglumine-enhanced MR images of upper abdomen. All organs show a 
peak at 45 sec. 





Fig. 2.—A-F, MR images of liver and pancreas (GRE 100/5/80°) obtained before (A) and 15 sec (B), 45 sec (C), 75 sec (D), 5 min (E), and 10 min (F) 
after administration of gadopentetate dimeglumine. Both organs show homogeneous enhancement throughout examination. Signal intensity of pancreas 
after injection of contrast medium is similar to that of retroperitoneal fat (C). Note prominent enhancement of renal cortex. 
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venous cannula as a 5-sec bolus injection of 0.1 mmol/kg body 
weight. (4) Imaging was started immediately after IV injection of the 
bolus. Imaging was repeated every 30 sec during the first 2 min and 
then every 60 sec up to 10 min (delayed image) after IV injection of 
the contrast medium. Good image quality was ensured by the ab- 
sence of motion artifacts and image ghosting and by sharp delineation 
of the organs. 


Image Analysis 


Signal intensity values were obtained with operator-defined regions 
of interest placed manually over the liver, spleen, pancreas, and 
gastric wall as well as renal cortex and abdominal fat. Dynamic 
gadopentetate dimeglumine-—enhanced MR examinations of the kid- 
ney had already been done [9-12]; nevertheless, measurements of 
renal cortex were done in this study as well for comparison. 

The influence of gadopentetate dimeglumine on the signal intensity 
of the different abdominal organs in the dynamic contrast-enhanced 
study was Calculated as follows: 


% E 


So (Stissue/ Sletandard) best = (Stissue/ Sl standard)pre 
— ’ 


(Siissve/ Sletandaed bore 


where % E stands for percentage enhancement, (Stissue/Slstandard)pre 
stands for the ratio between the signal intensity of the organ and that 
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Fig. 3.—A-F, MR images of stomach and spleen (GRE 100/5/80°) 
before (A) and 15 sec (B), 45 sec (C), 75 sec (D), 5 min (E), and 10 min 
(F) after administration of gadopentetate dimeglumine. Enhancement of 
stomach wall is characterized by an inner enhanced zone and an outer 
unenhanced zone, an appearance that is more evident in early phase of 
dynamic study. Note heterogeneous appearance of spleen during first 
60 sec (B). 


of the standard tissue on the precontrast images, and (Siissue/ 
Sl.tandard)post Stands for the ratio between signal intensity of the organ 
and that of the standard tissue on each of the successive postcontrast 
images. The abdominal fat was used as the standard tissue, as no 
significant difference was noted in the signal intensity of the fat before 
and after administration of contrast material. 

The degree of contrast enhancement of the liver was evaluated in 
all subjects. Enhancement of the spleen, kidney, and pancreas could 
be evaluated in 41, 26, and 13 patients, respectively, as these organs 
were not always in the image volume. The stomach wall could be 
evaluated in 37 patients who had an empty or mildly distended 
stomach. In the 11 patients who had a distended and filled stomach, 
evaluation was impossible, as the wall was too thin for adequate 
placement of the region of interest. 

Differences between unenhanced and enhanced image data were 
analyzed with the Wilcoxon paired-sample signed-rank test. 


Results 


The pancreas, liver, stomach wall, spleen, and renal cortex 
showed a pronounced signal enhancement within the first 2 
min after bolus injection of gadopentetate dimeglumine (p < 
.001). Subsequently, the signal intensity of all organs (except 
for the renal cortex) showed a continuous decline (Fig. 1). 





Peak signal enhancement of all organs was seen 45 sec 
after injection of contrast medium. The enhancement of nor- 
mal pancreatic tissue reached a maximum of 75% and de- 
creased to 27% at 10 min. Normal liver tissue showed a 
maximal signal enhancement of 78% followed by a decrease 
to 26% at 10 min. The stomach wall showed a maximal 
enhancement of 96% at 45 sec, with a continuous decrease 
thereafter to 47%. Enhancement of the spleen was more 
prominent, reaching a maximum of 144%, followed by a 
gradual decline to 66% in the delayed scans. Renal cortex 
had the highest peak enhancement, 216%, which was fol- 
lowed by a rapid decline to 195% at 105 sec, and another 
peak of 211% at 165 sec, with a subsequent decrease to 
169% at the end of the examination. 

Both liver and pancreas showed a homogeneous enhance- 
ment pattern throughout the examination in all subjects (Fig. 
2). Conversely, spleen had a heterogeneous appearance dur- 
ing the first 60 sec in all patients and then became homoge- 
neous and remained so until the end of the examination (Figs. 
3 and 4). The gastric wall had a characteristic pattern of 
enhancement: a hyperintense inner zone and a hypointense 
outer zone (Fig. 3). This pattern was most pronounced in the 
37 subjects who had an empty or mildly dilated stomach and 
less prominent in the other 11 subjects, whose stomachs 
were filled and distended. This finding was seen in all parts 
of the stomach wall. 


Fig. 4.—A-D, Coronal MR images of spleen, 
liver, and both kidneys (GRE 100/5/80°) before 
(A) and 15 sec (B), 5 min (C), and 10 min (D) 
after administration of gadopentetate dimeglu- 
mine. Spleen enhances heterogeneously during 
early phase of dynamic study. 


Discussion 


Gadopentetate dimeglumine is a paramagnetic contrast 
agent with pharmacokinetic properties similar to those of 
iodinated intravascular contrast agents. Its main characteris- 
tics include plasma clearance by renal excretion and rapid 
equilibration between the intravascular and interstitial com- 
partments [13]. 

Recent studies with fast pulse sequences indicate that the 
best imaging time for delineation of focal liver lesions after 
gadopentetate dimeglumine injection may be the first 2 min 
[2, 3, 14-16]. The greatest changes in lesion-tissue contrast 
may thus be missed with conventional spin-echo sequences 
that last more than 2 min. 

Our results showed that signal enhancement of the liver 
peaked at 78% 45 sec after injection of gadopentetate di- 
meglumine. Similar results have been reported by Schmied 
et al. [17], who used a T1-weighted GRE sequence (50/10/ 
70°) and found an initial increase in the signal intensity of 
normal liver with a peak of 50% 60 sec after administration 
of contrast material. Normal liver has a small extracellular 
space, which is the distribution volume of gadopentetate 
dimeglumine, and a relatively short relaxation time [3]. An 
additional decrease in T1 and T2 relaxation times of the liver 
caused by gadopentetate dimeglumine alters signal intensity 
only slightly in relation to other organs, with larger extracellular 
spaces and longer relaxation times [18, 19]. 
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Enhancement in the pancreas after administration of ga- 
dopentetate dimeglumine reached a maximum of 75% and 
decreased to only 41% after 105 sec. This finding is supported 
by the results in rabbit pancreas, in which a 26% decrease in 
the T1 value (which causes an increase in signal intensity) 
was observed after injection of gadopentetate dimeglumine 
at a dose of 0.17 mmol/kg [20]. Delineation of pancreas is 
poorer on contrast-enhanced images than it is on unenhanced 
images because gadopentetate dimeglumine—enhanced pan- 
creas reaches signal intensities similar to the hyperintense 
retroperitoneal fat. However, extravascularly distributed par- 
amagnetic contras} agents might improve the diagnostic 
specificity of pancreatic MR imaging, as it does in contrast- 
enhanced CT of the pancreas [21]. 

To our knowledge, the MR appearance of the stomach wall 
after injection of contrast medium has not been described 
before. Enhancement of the stomach wall occurred in the 
form of an enhanced inner zone surrounded by a hypointense 
outer zone. This is presumably formed by contrast-enhanced 
mucosa and submucosa and the hypointense unenhanced 
muscle layer of the gastric wall. This enhancement pattern 
may be important in the examination of patients with sus- 
pected infiltration of the gastric wall by tumors. 

Relaxation times computed from images of patients with 
liver cancer and normal spleen show that natural tissue con- 
trast is insufficient for detection of focal splenic lesions be- 
Cause spleen and cancer have similar T1 and T2 relaxation 
times [22]. As solid lesions cannot ordinarily be distinguished 
from normal splenic parenchyma on MR images, use of a 
contrast agent may be helpful. In this study, the normal 
enhancement pattern of the spleen after injection of gadopen- 
tetate dimeglumine was characterized by a marked initial 
increase, reaching a maximum of 140-150% at 45 sec. 
However, during the first 60 sec, the spleen was heteroge- 
neous in appearance. This is probably due to different blood- 
flow patterns within the various stromal compartments of the 
spleen, as it has already been described in dynamic iodine- 
enhanced CT examinations [23]. Heterogeneous enhance- 
ment of the spleen also was reported by Mirowitz et al. [24] 
on gadopentetate dimeglumine-enhanced MR images. De- 
spite this heterogeneous appearance, better lesion-to-spleen 
contrast in the first 2 min after administration of contrast 
material might improve the detection of focal splenic lesions. 

Renal cortex showed the highest enhancement peak of all 
organs examined. Similar results have been reported for renal 
cortex enhancement after IV administration of gadopentetate 
dimeglumine [9-12]. Unlike the enhancement of other organs, 
renal cortex enhancement had two peaks, 45 and 165 sec 
after administration of contrast medium. Similar results were 
obtained by Carvlin et al. [9], who performed dynamic gado- 
pentetate dimeglumine—enhanced MR imaging in rabbits. The 
transient drop in the signal intensity between the two peaks 
was attributed to the overconcentration of gadopentetate 
dimeglumine. This manifested itself on their images as a dark 
ring that migrated from the renal cortex inward. No such ring 
was visually detectable on our images, which can be attrib- 
uted to the difference in the temporal resolution of the imaging 
sequences in the two studies and to the difference in circu- 
lation time between rabbit and human. However, the transient 
drop in signal intensity between the two enhancement peaks 
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can well be explained in this study by the transient overcon- 
centration of gadopentetate dimeglumine. 
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Book Review 





Stone Therapy in Urology. Edited by F. Eisenberger, K. Miller, and J. Rassweiler. (Translated by Mario Kuntze.) 


New York: Thieme-Verlag, 171 pp., 1991. softcover 


Written mostly by German urologists, this short monograph ad- 
dresses modern therapy of urologic stones, concentrating on extra- 
corporeal shock-wave lithotripsy (ESWL). Alternative and other com- 
plementary treatment methods are also covered. The book consists 
of eight chapters: (1) a discussion of stone epidemiology, pathogen- 
esis, drug therapy, and prophylaxis; (2) indications for multimodal 
stone therapy; (3) ESWL, including physics, biology, side effects, 
anesthetic considerations, and clinical practice; (4) percutaneous 
nephrolithotomy; (5) ureteroscopy; (6) open surgery; (7) a comparison 
of commercial second-generation lithotriptors; and (8) a look into the 
future of nonsurgical stone therapy. 

The images are mostly plain films and urographic contrast studies; 
some sonograms are included. The quality of the images is good. 
The diagrams are numerous and excellent. The binding and paper of 
this softcover book appear to be good. The price is about $60 at 


current exchange rates, which is expensive considering the size of 
the book. The references are all at the end of the book and are 
current through 1989-1990. The quality of the translation from the 
original German is outstanding. | was rarely aware that this was not 
originally an English text. 

On the whole, this monograph is quite well done and accomplishes 
all its goals. | can recommend it to all interested urologists and 
urology residents. It will have limited appeal to radiologists other than 
those who work closely with urologists in ESWL and interventional 
uroradiology. 


Arnold C. Friedman 
Temple University Hospital 
Philadelphia, PA 19140 
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Technical Note 





A Simple Method to Reduce Air-Bubble Artifacts During 
Percutaneous Extraction of Biliary Stones 


Michael A. Braun' and Mark B. Collins 


Percutaneous extraction of retained biliary calculi after cho- 
lecystectomy is a safe and effective technique that was first 
described by Burhenne in 1973 [1]. Since then, many modifi- 
cations and refinements have improved the success rate, 
shortened the procedure time, and minimized complications 
[2-5]. One remaining problem has been the introduction of 
air bubbles into the biliary system that simulate retained 
stones in the bile duct. These artifacts are often confusing 
and can lead to multiple sessions or prolonged procedure 
times [6]. Our technique, which we have used successfully in 
eight cases to remove more than 15 stones during the past 
2 years, effectively eliminates air-bubble artifacts and allows 
easy and continuous visualization of the biliary tract. 


Materials and Methods 


A guidewire is introduced into the T-tube track and placed in an 
intrahepatic duct away from any calculi (Fig. 1). The guidewire is then 
exchanged for a 5-French, 50-cm Teflon catheter (Cook Corp., 
Bloomington, IN) with multiple side holes and a preloaded Luer-Lok 
adapter. The catheter is placed in a nonwedged position in an 
intrahepatic bile duct and is secured by tightening the Luer-Lok 
adapter and suturing the adapter to either the surgical drapes or the 
patient's skin. The catheter is then attached to a three-way stopcock. 
Air is bled from the catheter. A 10-ml syringe and a 100-ml bottle of 
Conray-30 (Mallinckrodt, St. Louis, MO) are connected to the stop- 
cock. Two additional guidewires are passed through the T-tube track 
into the duodenum. One is used as a safety wire and is left in place. 
The other is used as a working wire over which either a vascular 
sheath or a stone extraction instrument is passed before the wire is 
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removed. Whenever the biliary tree needs to be opacified, contrast 
medium is administered via the 10-ml syringe. In seven of the eight 
procedures we performed, all air bubbles were effectively eliminated. 
Any small bubbles introduced during initial opacification were trapped 
in the intrahepatic ducts. In one of the eight cases requiring multiple 
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Fig. 1.—Diagram of system to reduce air-bubble artifacts. Catheter is 
introduced through T-tube track and placed securely within a biliary radical. 
Luer-Lok adapter is then anchored to patient’s skin with a suture. A safety 
wire is introduced into duodenum in order to maintain access, and a Dormia 
basket is used to remove a retained stone. Biliary tree can be opacified 
by injection of contrast medium through a closed system. 
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exchanges of baskets and occlusion balloons, two small air bubbles 
remained in the distal common bile duct and could not be eliminated. 


Discussion 


Percutaneous extraction is a safe and effective method of 
removing retained biliary calculi. The procedure is often com- 
plicated by artifacts simulating retained stones. Such artifacts 
include strands of mucus, sludge, blood clots, and air bubbles. 
Mucus strands and sludge are physiologic debris. Blood clots 
are usually the result of rigorous manipulation with extraction 
devices [1]. Most artifacts, however, are air bubbles. 

Air bubbles can be introduced into the biliary system when- 
ever contrast medium is injected or an extraction instrument 
is passed. When an extraction instrument is passed through 
an introducer sheath, air in the sheath may be advanced into 
the biliary system, a problem that can usually be overcome 
by careful back bleeding. Bubbles introduced during opacifi- 
cation can result from either dead space in the injector syringe 
or air Suspended within contrast medium because of turbulent 
filling of the syringe. To eliminate this problem, we created a 
closed system that can be carefully bled of all air before initial 
opacification. Once established, the opacification system 
should remain free of all air for the remainder of the procedure. 

By using this system, we successfully eliminated all air- 
bubble artifacts in five of eight cases. In two cases, very small 
air bubbles escaped into the intrahepatic ducts containing our 
safety catheter at the onset of the procedure. These bubbles 
remained trapped in the ducts for the remainder of the pro- 
cedure and were of no consequence. In only one case did we 
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find two air bubbles in the distal common bile duct that we 
thought were introduced during passage of the extraction 
instrument. Because we did not have to refill our supply of 
contrast medium during the procedure, we saved considera- 
ble time by not having to contend with turbulent bubbles 
encountered during intermittent injections in an open system. 

An additional advantage to our system is that the intrahe- 
patic catheter is shorter and less cumbersome than a stand- 
ard safety guidewire. It is more easily and securely attached 
to the patient than the standard intrahepatic safety guidewire, 
and the catheter is not confused with the duodenal safety 
wire, as often occurs. Finally, intermittent injections through 
our closed system reduce the total volume of contrast medium 
used, decreasing the frequency of gastrointestinal problems 
that have been described with continuous drip infusion sys- 
tems [1]. 
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with or without caseation necrosis to calcification and fibrosis 
in the healing stage, the variation in the CT findings may 
reflect different stages of tuberculoma. 

MR imaging also showed the histologic differences be- 
tween the center and the periphery of the tuberculoma on 
both T1- and T2-weighted SE images. Unlike on CT, on MR 
the caseation necrosis could be distinguished from peripheral 
granulomatous tissues without contrast enhancement; how- 
ever, MR imaging added no meaningful information in this 
case. The MR findings in tuberculoma are thought to vary 
during the course of the disease and may be nonspecific as 
are the CT findings. Moreover, although CT and MR imaging 
are useful in depicting and localizing large lesions, smaller 
lesions less than several millimeters in diameter may be 
overlooked, as in this case. 

The differential diagnosis of macronodular hepatic tuber- 
culoma includes various hepatic masses because of the vari- 
ety of its appearance, and it is particularly important to 
differentiate this entity from malignant hepatic tumor. In this 
case, the CT and MR appearances resemble those of necrotic 
tumors such as metastatic carcinoma, hepatocellular carci- 
noma, and other hepatic malignant neoplasms. The ringed 
appearance seen on MR is common to a variety of hepatic 
lesions [7], and the central hyperintensity with a less hyper- 
intense rim (or “target” appearance), on T2-weighted MR 
images in this case, as seen is similar to the appearance of 
hepatic metastasis with liquefaction necrosis [7, 8]. Differen- 
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tiation is thought to be difficult, except that liquefaction ne- 
crosis is usually seen in large lesions more than several 
centimeters in diameter [8], and hepatic tuberculomas that 
large are extremely rare. Accompanying abdominal or me- 
diastinal lymphadenopathy with the characteristic appearance 
of a low-density center with an enhancing rim and hepato- 
megaly are supportive findings in tuberculosis [6]; however, 
liver biopsy should be required to ensure correct diagnosis 
and appropriate treatment. 
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Case Report 
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Macronodular Tuberculoma of the Liver: CT and MR 


Findings 


Yasuhiro Kawamori, "° Osamu Matsui,” Kiyohide Kitagawa,’ Masumi Kadoya,? Tsutomu Takashima,” and 


Teruo Yamahana' 


Tuberculous involvement of the liver is usually a diffuse 
process, associated with miliary tuberculosis. However, lo- 
calized tuberculosis of the liver producing a macronodular 
tuberculoma or an abscess is rare [1, 2]. Several reports have 
described the CT findings in such localized hepatic tubercu- 
losis [3, 4]; however, the findings of MR imaging have not 
been widely published. We describe the CT and MR findings 
in a case of macronodular tuberculoma of the liver. 


Case Report 


A 72-year-old woman had had upper abdominal discomfort for 1 
month. She had had pulmonary tuberculosis when she was 18 years 
old. No fever, loss of body weight, or other signs or symptoms were 
noted when she was admitted to the hospital. On physical examina- 
tion, no hepatomegaly, lymphadenopathy, or other abnormal findings 
were present. Results of liver function tests were normal, and tests 
for hepatitis B virus antigen and a-fetoprotein were negative. The 
erythrocyte sedimentation rate was 42 mm/hr, and a Mantoux (tu- 
berculin) test was strongly positive. 

Abdominal sonography showed a homogeneously hypoechoic 
nodule in the lateral segment of the liver. Unenhanced CT showed a 
noncalcified hypodense nodule and enlargement of the lateral seg- 
ment of the liver (Fig. 1A). After administration of contrast material, 
the center of the nodule did not enhance and was hypodense relative 
to the surrounding liver; the periphery of the nodule, especially in the 
upper parts of the nodule, was slightly enhanced and slightly hypo- 
dense (Figs. 1B and 1C). MR imaging showed a hypointense nodule 
with a hypointense rim on T1-weighted (600/15 [TR/TE]) spin-echo 
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(SE) images (Fig. 1D). On T2-weighted (2500/90) SE images the 
nodule was hyperintense with a less intense rim relative to the 
surrounding liver (Fig. 1E). No abdominal lymphadenopathy, spleno- 
megaly, or other abnormal findings were seen on CT scans or MR 
images. On angiography, no neovascularization or tumor stain was 
seen. Chest CT showed a few calcified nodules but no other findings 
indicative of active inflammation. 

A lateral hepatic segmentectomy was performed. The nodule was 
well defined, and a yellowish-white 1.5 x 2.0 cm lesion with a very 
thin fibrous capsule and also several small nodules were found around 
the nodule (Fig. 1F). These small nodules could not be detected even 
with retrospective evaluation of CT scans and MR images. Micro- 
scopic examination showed chronic granulomatous inflammation with 
Caseation necrosis consistent with tuberculosis (Fig. 1G). Granuloma- 
tous tissues were found in the periphery, especially in the upper parts 
of the nodule, and caseation necrosis was found in the center of the 
nodule. Ziehl-Neelsen stains of material from the nodule were nega- 
tive for acid-fast organisms. 


Discussion 


Tuberculous hepatic involvement usually occurs in miliary 
tuberculosis, but localized involvement producing large nod- 
ules or abscesses is rare. Leader [1] found only 80 cases of 
such localized hepatic tuberculosis in a review of the world 
literature in 1952. Bhansali [2] had only two cases of hepatic 
tubercles among 300 cases of abdominal tuberculosis. He- 
patic tuberculomas develop much more often in AIDS patients 
than in others, and Radin [5] found focal masses less than 2 
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cm in diameter in 11% of patients with disseminated tuber- 
culosis. Macronodular hepatic tuberculoma more than a few 
centimeters in diameter is much more rare, and only a few 
reports have described its CT appearance [3, 4]. Moreover, 
as far as we know, no report has described MR findings in 
macronodular hepatic tuberculoma. 

In this case, the tuberculoma was visualized as an unen- 
hanced central low density with a slightly enhanced rim on 
CT, resembling the appearance of tuberculous lymphadenitis 


Fig. 1.—72-year-old woman with upper ab- 
dominal discomfort for 1 month. 

A, Unenhanced CT scan shows noncalcified 
hypodense nodule in lateral segment of liver. 

B, CT scan with contrast material of lower part 
of nodule shows center of nodule is not en- 
hanced and rim is slightly hypodense relative to 
liver. 

C, Contrast-enhanced CT scan of upper part 
of nodule shows rim is prominent and low-den- 
sity center is small, resembling necrotic liver 
tumor. 

D, T1-weighted (600/15) MR image shows 
nodule is hypointense relative to surrounding 
liver. Periphery is even more hypointense than 
center of nodule. 

E, T2-weighted (2500/90) MR image shows 
nodule is hyperintense relative to surrounding 
liver. As on T1-weighted image, rim is distin- 
guished from center by a less hyperintense 
band. 

F, Gross section of lateral segment of liver. 
Nodule 2 cm in diameter was tuberculoma with 
central caseation necrosis (arrows). Smaller le- 
sions less than several millimeters in diameter 
also were found. 

G, Photomicrograph shows caseation necro- 
sis (C) in center and granulomatous tissue (G) in 
periphery. Langhans giant cell (arrow) is seen in 
granulomatous tissue. 


described in previous reports [3, 4, 6]. Pathologic examination 
showed that the central low density was caseation necrosis 
and that the peripheral rim corresponded to the granuloma- 
tous tissues. However, in reported cases, the CT findings of 
macronodular tuberculomas are considered variable and non- 
specific. The findings vary from a noncalcified low density to 
a calcified high density with or without rim enhancement [3, 
4]. As the histologic findings of tuberculomas differ in the 
course of the disease, varying from granulomatous tissue 
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with or without caseation necrosis to calcification and fibrosis 
in the healing stage, the variation in the CT findings may 
reflect different stages of tuberculoma. 

MR imaging also showed the histologic differences be- 
tween the center and the periphery of the tuberculoma on 
both T1- and T2-weighted SE images. Unlike on CT, on MR 
the caseation necrosis could be distinguished from peripheral 
granulomatous tissues without contrast enhancement; how- 
ever, MR imaging added no meaningful information in this 
case. The MR findings in tuberculoma are thought to vary 
during the course of the disease and may be nonspecific as 
are the CT findings. Moreover, although CT and MR imaging 
are useful in depicting and localizing large lesions, smaller 
lesions less than several millimeters in diameter may be 
overlooked, as in this case. 

The differential diagnosis of macronodular hepatic tuber- 
Culoma includes various hepatic masses because of the vari- 
ety of its appearance, and it is particularly important to 
differentiate this entity from malignant hepatic tumor. In this 
case, the CT and MR appearances resemble those of necrotic 
tumors such as metastatic carcinoma, hepatocellular carci- 
noma, and other hepatic malignant neoplasms. The ringed 
appearance seen on MR is common to a variety of hepatic 
lesions [7], and the central hyperintensity with a less hyper- 
intense rim (or “target” appearance), on T2-weighted MR 
images in this case, as seen is similar to the appearance of 
hepatic metastasis with liquefaction necrosis [7, 8]. Differen- 
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tiation is thought to be difficult, except that liquefaction ne- 
crosis is usually seen in large lesions more than several 
centimeters in diameter [8], and hepatic tuberculomas that 
large are extremely rare. Accompanying abdominal or me- 
diastinal lymphadenopathy with the characteristic appearance 
of a low-density center with an enhancing rim and hepato- 
megaly are supportive findings in tuberculosis [6]; however, 
liver biopsy should be required to ensure correct diagnosis 
and appropriate treatment. 
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Pictorial Essay 





Imaging of the Biliary Sump Syndrome 


Donald R. Hawes,’ Retta E. Pelsang,’ Robert C. Janda,” and Charles C. Lu’ 


Side-to-side choledochoduodenostomy is a safe and effective 
surgical technique to improve biliary drainage in selected pa- 
tients. The segment of common bile duct between the anasto- 
mosis and the ampulla of Vater may act as a stagnant reservoir 
or sump. When debris, stones, or infected bile accumulates in 
the sump, usually because of malfunction of the ampulla of Vater, 
recurrent abdominal pain or symptoms of cholangitis, pancreati- 
tis, or biliary obstruction may develop. This uncommon (0.14- 
1.30%) complication is known as the sump syndrome. On imaging 
studies, diagnostic findings are debris or stone(s) in the common 
bile duct. Suggestive findings are dilated bile or pancreatic ducts, 
and changes due to pancreatitis, cholangitis, or liver abscess. 
Patients with this syndrome frequently have multiple imaging 
studies before the condition is recognized. The purpose of this 
essay is to illustrate the imaging findings of this syndrome. 


When there are known retained biliary stones or a dilated 
common bile duct (CBD) is present at the time of cholecys- 
tectomy, a choledochoduodenostomy is occasionally per- 
formed to improve bile drainage. After side-to-side choledo- 
choduodenostomy, the CBD between the anastomosis and 
the ampulla of Vater becomes a potential sump (a recess or 
reservoir serving as a drain or receptacle for liquids, such as 
a cesspool). As long as the sphincter of Oddi functions 
normally, bile or enteric contents will not accumulate in the 
distal CBD. Occasionally, because of sphincter dysfunction 
or obstruction, biliary secretions and enteric debris are unable 
to clear from the sump. The biliary sump syndrome occurs 
when accumulation of debris, stones, and static bile acts as 
a nidus for bacterial proliferation, predisposing the patient to 
cholangitis (Fig. 1). 


Clinically, the patient with the sump syndrome has signs 
and symptoms including intermittent pain and tenderness in 
the right upper quadrant, fever, jaundice, chills, nausea, and 
vomiting [1]. Occasionally, the suppuration and obstruction 
of cholangitis may lead to liver abscess or pancreatitis [2, 3]. 
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Fig. 1.—Schematic drawing of choledochoduodenostomy with debris 
and stones in sump (that portion of common bile duct [CBD] between 
anastomosis and ampulla of Vater). 
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Fig. 2.—46-year-old woman, with prior Billroth 
ll gastrectomy, had anastomosis between side of 
common bile duct and duodenal stump at chole- 
cystectomy 3 years earlier. She has had recurrent 
episodes of fever, chills, upper abdominal pain, 
nausea, and vomiting. Abdominal radiograph 
shows gas (arrow) in duodenum and biliary tree 
with dilatation of common bile duct. Dilatation of 
common bile duct (sump) suggests inadequate 
drainage, and rather abrupt transition in size sug- 
gests stricturing and possible cholangitis. With 
this surgical history, sump syndrome was consid- 
ered. No further episodes have occurred since 
ERCP-guided ampullotomy. 


HAWES ET AL. 


Fig. 3.—58-year-old woman who had chole- 
cystectomy 2 years earlier had recurrent epi- 
sodes of fever, chills, leukocytosis, and bacte- 
remia. Abdominal radiograph (not shown) 
showed radiopaque calculus in right upper quad- 
rant. Identification of a stone retained in biliary 
tree should suggest possible inadequate biliary 
drainage and sump syndrome. Upper gastroin- 
testinal study performed 2 years after abdominal 
radiograph because of recurrent symptoms 
shows free reflux of barium into biliary tree. 
Stone (arrow) nearly impacts common bile duct. 
Obstruction at ampulla will allow bile stagnation 
and possible subsequent cholangitis. 
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Fig. 4.—81-year-old man who has had pain in 
right upper quadrant since cholecystectomy 1 
year earlier. Upper gastrointestinal study shows 
patent anastomosis (arrow) and normal sphinc- 
ter of Oddi (arrowhead). Slow emptying of con- 
trast material from common bile duct (reported 
by radiologist) raised concern for poor drainage 
of common bile duct, providing opportunity for 
retention of infected bile. Despite several 
suggestive clinical episodes, sump syndrome 
was not diagnosed until 3 years later when a 
hepatic abscess developed after a bout of 
cholangitis. 


Rarely, malabsorption or steatorrhea caused by a lack of 
intestinal bile salts may be the initial sign [1]. Frequently, 
the surgical history supplied by the patient is of a prior 
cholecystectomy without knowledge of the associated 
choledochoduodenostomy. 

This pictorial essay illustrates the typical imaging features 
in 19 patients with the sump syndrome who were examined 
during the past 7 years at our institution. Of the noninvasive 
studies, findings supporting the diagnosis of the biliary sump 
syndrome were found on abdominal radiographs in five pa- 
tients, upper gastrointestinal studies in one, sonograms in 
seven, CT scans in 10, and scintigrams in three. All but one 
retrospectively studied patient had findings supporting the 
diagnosis of the biliary sump syndrome on at least one 
noninvasive imaging study. 


Abdominal Radiographs 


In the asymptomatic patient with a prior choledochoduo- 
denostomy, abdominal radiographs may normally show air in 
the biliary tree (pneumobilia). In the symptomatic patient, 
however, plain film demonstration of calcifications in the right 
upper quadrant or pneumobilia, especially when showing 
dilated or debris-filled biliary ducts, should suggest inclusion 
of the biliary sump syndrome in the differential diagnosis [1] 
(Fig. 2). Biliary tract calcifications, too faint to be shown on 
plain films, may be seen only on CT scans [2]. 





Fig. 5.—78-year-old woman who had several episodes of pain in right 
upper quadrant, fever, and chills several years after cholecystectomy and 
choledochoduodenostomy. Sonogram shows markedly dilated (1.6 cm) 
common hepatic duct. A stone was seen in common bile duct. Degree of 
common hepatic duct dilatation is abnormal, even after cholecystectomy, 
and should raise suspicion of obstruction at or near ampulla of Vater and 
closure of anastomosis. Ampullotomy and removal of stone in common 
bile duct relieved symptoms. 


Upper Gastrointestinal Studies 


Upper gastrointestinal fluoroscopic examinations may show 
reflux of contrast material into the biliary tree via a patent 
anastomosis of the choledochoduodenostomy, outlining the 
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Fig. 6.—A and B, Sonograms of right upper quadrant in a 46-year-old woman who had symptoms of cholangitis many times since cholecystectomy and 
choledochoduodenostomy. In A, stones (arrow) are seen in intrahepatic duct with posterior shadowing (arrowhead). B shows pneumobilia (arrow) with 
posterior reverberation artifact (arrowhead, disregard small arrows). With this clinical presentation and surgical history, intrahepatic duct stones and even 
pneumobilia should suggest biliary sump syndrome. Percutaneous transhepatic cholangiogram confirmed intraductal position of stones. 

C, 50-year-old woman several years after cholecystectomy and choledochoduodenostomy. Sonography of left hepatic lobe, performed when sepsis 
developed after a renal transplant, shows irregularly dilated, debris-filled ducts (arrow) and some enhanced echogenicity of duct walls (arrowheads). 
These findings are characteristic of cholangitis. ERCP revealed changes of cholangitis, debris in biliary tree, obstruction of left hepatic duct, and poor 
drainage through anastomosis. Drainage of pus-filled left hepatic ducts was accomplished by percutaneous transhepatic cholangiography. 


Fig. 7.—46-year-old woman who had symptoms 
of cholangitis on numerous occasions. Liver ab- 
scess developed 3 years after cholecystectomy 
and choledochoduodenostomy. 

A, Sonogram shows abscess as hypoechoic 
structure (arrowheads) in right lobe of liver. 

B, CT scan also shows abscess (asterisk), 
which crossed liver capsule and diaphragm to 
invade right pleura and lung. 

Percutaneous drainage of abscess plus antibi- 
otic treatment was successful. Liver abscess is a 
complication of cholangitis due to bacterial prolif- 
eration in sump and may recur if adequate biliary 
drainage is not reestablished. Ampullotomy was 
performed at ERCP. No further episodes of cholan- 
gitis occurred. 


A 


CBD and intrahepatic biliary tree. In the presence of the sump 
syndrome, the anastomosis may be obstructed by debris or 
an inflammatory reaction. If contrast material fills the biliary 
tree, debris and/or stones in the duct may be shown (Figs. 3 
and 4). 


Sonograms 


Upper abdominal sonograms may show findings suggestive 
or diagnostic of the sump syndrome. Sonograms in several 
of our patients showed abnormalities including pneumobilia, 
biliary duct dilatation, biliary stones, changes of cholangitis 
(Figs. 5 and 6), pancreatitis or pancreatic duct dilatation, and 
liver abscess (Fig. 7A). Sonographic findings suggestive of 
cholangitis include dilated ducts, thickening of duct walls, and 





echogenic material (sludge or pus) within the ducts. Biliary air 
and stones, however, may obscure ductal detail. 


Scintigrams 


Radioisotopic biliary and/or colloid scans were used infre- 
quently in our patients with the sump syndrome. In two 
patients, hepatic abscesses were seen on colloid liver scinti- 
grams (Figs. 8A and 8B). In another patient, findings on biliary 
scintigraphy suggested partial obstruction by demonstrating 
delayed isotope transit through the biliary tree (Fig. 9). 


CT Scans 


On abdominal CT scans, filling of the biliary tree with air 
and oral contrast material may occur normally in the asymp- 
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Fig. 8.—Patient with pain in right upper quadrant, fever (temperature 40.6°C), and chills. 
A and B, Posterior (A) and right posterior oblique (B) colloid scintigrams of liver-spleen scan obtained 3 years after upper gastrointestinal study (shown 


in Fig. 4) show poorly defined focal defect (arrows) in right lobe of liver. 
C, CT scan shows abscess (asterisk). 


Development of a hepatic abscess is a known complication of bacterial cholangitis. Treatment requires relief of ampullary obstruction in addition to 
treatment of abscess and infected bile. Abscess was confirmed by CT-guided aspiration and treated successfully with antibiotics. Ampullotomy at ERCP 


relieved obstruction and symptoms. 





tomatic patient with a prior choledochoduodenostomy. Sev- 
eral CT findings, however, may suggest the possibility of the 
sump syndrome. Debris or stones in the distal CBD are the 
most frequent and most indicative CT findings of the sump 
syndrome (Fig. 10). Thickening and/or enhancement of the 
duct walls in response to suppurative cholangitis or adjacent 
stone is highly suggestive (Figs. 10 and 11A). Thickening of 
duct walls due to cholangitis is usually 2-4 mm and concen- 
tric. Focal thickening can be seen at the level of a stone [4]. 
Enhancement of the wall of the biliary ducts may occur 
normally but should be considered suspicious whenever focal 
or combined with duct wall thickening [4]. Other suggestive 
findings include dilated bile and/or pancreatic ducts, liver 
abscesses (Figs. 7B and 8C), and pancreatitis (Fig. 11B). CT 
or sonography may be used to guide percutaneous drainage 
of a liver abscess [2]. 





Fig. 9.—58-year-old woman with cholangitis, 
pain in right upper quadrant, fever, and chills was 
known to have polycystic disease involving kid- 
neys and liver. 

A and B, Anterior scintigrams obtained 60 (A) 
and 120 (B) min after injection of hepatobiliary 
agent show delayed transit of radionuclide through 
biliary tree. Delayed radionuclide transit through 
biliary tree, not a finding of polycystic liver dis- 
ease, suggests possible biliary obstruction due to 
stricturing from cholangitis. Sump syndrome was 
subsequently confirmed and treated at ERCP. 


Cholangiograms 


Enhancement of the biliary tree in the form of ERCP or 
percutaneous transhepatic cholangiography (PTC) is neces- 
sary to confirm the diagnosis of sump syndrome in most 
patients. ERCP was performed successfully in all but four of 
our patients. Two patients had PTC. In addition to demon- 
stration of the patency of the choledochoduodenostomy and 
the ampulla of Vater, contrast-enhanced studies can show 
ductal dilatation and/or filling defects within the ducts and 
obstruction or scarring of the biliary or pancreatic ducts due 
to recurrent infection. ERCP is the initial treatment of choice 
in most cases, because a sphincterotomy can be performed 
and the CBD can be cleared of debris, stones, and infected 
bile [5]. Alternatively, PTC can be used to provide biliary 
drainage (Figs. 12 and 13). 


Fig. 10.—66-year-old woman with pain in right 
upper quadrant, nausea, vomiting, pyrexia, and 
rigors 3 years after choledochojejunostomy. Ab- 
dominal CT scan shows a large calcified stone 
(arrow) in common bile duct (CBD) and 7-mm 
thickening of CBD wall (arrowheads). CBD stone 
developed because of stasis of lithogenic bile in 
CBD (sump). Thickening of duct wall is in response 
to cholangitis. A nasobiliary tube was placed and 
an ampullotomy performed at ERCP. Extracorpo- 
real shock-wave lithotripsy successfully crushed 
stone, and fragments were then flushed from duct 
by irrigation via nasobiliary tube. Recovery was 
complete. 





Fig. 11.—49-year-old man with recurrent pain in right upper quadrant and nausea had serum 
enzyme elevations of pancreatitis. Choledochoduodenostomy had been performed 1 year earlier. 

A, Abdominal CT scan shows dilated, thick-walled common hepatic duct (4 mm) with mural 
enhancement (arrow). Air-fluid level is seen in duct. These findings suggest possible stasis within 
ducts and cholangitis. 

B, CT scan at level of pancreatic head shows fibrofatty proliferative changes in transverse 
mesocolon caused by pancreatitis (arrows). 

Findings of pancreatitis and abnormal biliary tree suggest obstruction at ampulla of Vater. With 
this surgical history, diagnosis of biliary sump syndrome is likely. ERCP revealed an obstructed 
anastomosis and changes of cholangitis. Ampullotomy, IV antibiotics, and treatment for pancreatitis 
alleviated symptoms. 





Fig. 12.—30-year-old man with pancreatitis and 
cholangitis 5 years after choledochoduodenos- 
tomy. Percutaneous cholangiogram shows stones, 
debris, and high-grade obstruction in distal portion 
of common bile duct (arrow) with occlusion of 
anastomosis. Frank pus was aspirated from bile 
ducts. Ductal stricture may be a complication of 
surgery or may be due to bacterial cholangitis of 
sump syndrome. Patient was treated successfully 
with percutaneous cholangiographically guided 
decompression followed by surgical revision of 
biliary diversion to end-to-end choledochojejunos- 
tomy. 


A 


Fig. 13.—90-year-old woman who had cholecystectomy and side-to-end choledochojejunostomy 
many years before for choledocholithiasis. Fever and pain in right upper quadrant of abdomen 
developed 4 years later. ERCP showed a small stone in common bile duct with patent anastomosis. 
Recurrence of these symptoms with elevated levels found on liver function tests suggesting biliary 
obstruction led to reevaluation. 

A, ERCP shows large filling defect (arrow) in common bile duct. Stone became obstructive, 
allowing static bile to become infected, leading to cholangitis and stenosis of choledochojejunal 
anastomosis. 

B, Ampullotomy and balloon (large arrow) extraction successfully removed stone (small arrow). 
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The Discipline of Curiosity. Science in the World. Edited by Janny Groen, Eefke Smit, and Juurd Eijsvoogel. New 


York: Elsevier, 156 pp., 1990. 


In a series of interviews, distinguished world leaders in science 
and technology explore the relationships of these two disciplines, 
future directions, and global problems that may result from changes 
in technology. Because radiology, perhaps more than any other 
specialty, has benefited greatly from technologic developments, the 
issues discussed should be of interest to those who think about how 
our specialty has developed and what the future may bring. Especially 
during the past two decades, every new imaging technique has been 
the result of a complementary relationship between radiologic scien- 
tists and corporations. Currently, the continuing development of MR 
and interventional angiography is a good example of the important 
interaction between science and technology. 

The editors conducted interviews with 15 persons from various 
countries, all of whom have been concerned with issues of science 
and technology. Some of those who may be better known to Ameri- 
cans include David Halberstam, author and writer for the New York 
Times; Erich Block, director of the National Science Foundation; 
Robert Solow, Nobel Laureate and professor of economics at the 
Massachusetts Institute of Technology; and John Maddox, editor of 
Nature. Halberstam talks about the growing importance of education 
as a national resource and the increasing disparity between industrial- 
ized nations and developing countries caused by the increasing 
importance of technology. Block provides his analysis of the Japanese 
success in developing scientific and technologic advances into mar- 
ketable products. He also stresses the importance of educating more 
scientists and engineers in the United States. Solow discusses the 
changing concepts of how one country becomes economically more 
successful than another. The importance of natural resources and 
location has diminished, and a country must now rely more on 
education, science, and technology to create a comparative advan- 
tage. Another concern mentioned by several of those interviewed is 


the widening gap in standard of living between industrialized and 
developing countries caused by the increasing importance of tech- 
nology. Addressing these inequities will be an important challenge for 
the next decade. 

Although changes in technology are generally in society’s best 
interest, they create more complex relationships between academic 
and industrial institutions and between countries of the East and 
West and countries of the Northern and Southern Hemispheres. 
These concerns are pervasive and should be of interest to radiologists 
because of the impact new developments have on our specialty. 

How do these concerns relate specifically to radiology? The book 
may provide some insight into several current issues. What should 
be the relationship between academic radiology departments and 
corporations that share interest in specific imaging developments? 
What is the responsibility of radiologic organizations and corporations 
in providing imaging technology to developing countries? How do the 
growing importance of technology and enhanced educational oppor- 
tunities affect the present shortage of radiologic technologists? Fi- 
nally, what educational role should radiology play in providing im- 
proved global health care? 

The editors have provided unusual insight into issues of technology 
by selecting an eclectic group for the interviews. The opinions rep- 
resent geographic, economic, and cultural diversity and, if nothing 
else, provide evidence for the complex problems we face in the 
coming years. The issues discussed should be of interest to radiolo- 
gists who are concerned about the responsibilities and potential 
global contributions of our specialty. 
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Value of Lipid- and Water- 
Suppression MR Images in 
Distinguishing Between Blood and 
Lipid Within Ovarian Masses 





The distinction between blood and lipid in ovarian masses on MR imaging is important 
in the differential diagnosis of these lesions. However, this is often difficult on routine 
MR images because both blood and lipid within tumors can have the same signal 
intensity as subcutaneous fat. Accordingly, we studied the value of lipid- and water- 
suppression MR images in making this distinction in 16 patients (21 lesions). As proved 
by surgery (six patients) or laparoscopy (10 patients), there were 16 endometriomas, 
one hemorrhagic leiomyosarcoma, and four lipid-containing mature cystic teratomas. 
The signal intensity in all 17 hemorrhagic lesions was greater than that of subcutaneous 
fat on lipid-suppression images and less than that of fat on water-suppression images. 
This compared with the signal intensity of the four lesions that contained lipid, in which 
the signal intensity was similar to that of subcutaneous fat on both the lipid- and water- 
suppression images. Thus, the lipid- and water-suppression MR images allowed an 
accurate distinction between the two. 

Our experience suggests that the appearance of blood and lipid in ovarian tumors is 
sufficiently different on lipid- and water-suppression MR images to allow an accurate 
distinction between the two. The two techniques should be useful in the differential 
diagnosis of such lesions by MR imaging. 


AJR 158:321-325, February 1992 


Ovarian masses have been difficult to characterize with MR imaging, since most 
appear hypointense relative to subcutaneous fat on T1-weighted images and 
hyperintense relative to fat on T2-weighted images [1]. Exceptions to this signal 
behavior include both hemorrhagic (e.g., endometriomas) and lipid-containing (e.g., 
mature cystic teratomas) lesions. In these cases, the MR signal may be entirely or 
partly isointense relative to subcutaneous fat on both T1- and T2-weighted images 
[2-5]. Consequently, these two abnormalities may be difficult to distinguish with 
conventional MR techniques. Accordingly, we studied the value of lipid- and water- 
suppression MR imaging to make this distinction. 


Subjects and Methods 


Over a 12-month period, we identified 24 women with a total of 30 adnexal masses that 
had signal intensities that were isointense relative to subcutaneous fat on T1-weighted MR 
images. Sixteen of these patients (21 lesions), those for whom surgical or laparoscopic 
findings were available, were included in the study. Surgery confirmed the presence of sebum 
in four mature cystic teratomas (four patients) and the presence of blood in one cystic 
leiomyosarcoma (one patient) and two endometriomas (one patient). Laparoscopy performed 
after MR imaging confirmed the presence of blood in two endometriomas (two patients). 
Twelve lesions in eight patients with laparoscopic diagnoses of endometriosis that preceded 
MR imaging were presumed to represent endometriomas containing blood. 

Imaging was performed on a 1.5-T scanner (Signa, General Electric, Milwaukee, WI) with 
a spin-echo (SE) technique, 28-cm field of view, two excitations, 128 x 256 matrix, and 5- 
mm slice thickness with a 2.5-mm gap. All 16 patients were studied with T1-weighted SE 
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images, 400-800/11-20 (TR/TE), in either the coronal plane only 
(seven patients), axial plane only (five), or both planes (four). Axial 
T2-weighted images were obtained either as part of a conventional 
SE 1900-2000/20,80 sequence (13 of 16 patients) or as a fast SE 
sequence (2900/126) (three of 16 patients). Supplementary T1- 
weighted SE images (400-700/11-20) were obtained first (15 of 16 
patients) with presaturation of fat protons (lipid suppression) and then 
repeated (13 of 16 patients) with presaturation of water protons 
(water suppression). 

To selectively suppress the signal from lipid, a non-slice-selective 
90° pulse with a narrow bandwidth centered on the precessional 
frequency of lipid was applied just prior to the slice-selective 90° 
pulse of the standard SE sequence. A spoiler gradient was then 
applied immediately after the lipid-selective excitation pulse. For 
suppression of water, the narrow bandwidth pulse was centered on 
the precessional frequency of water [6]. This technique yields two 
additional sets of T1-weighted images: one set with the lipid signal 
suppressed and the second set with the water signal suppressed. 
These two sequences each require 2 min of imaging time. Allowing 
for prescan time, both sets of images can be obtained in less than 
10 min. 

Images were interpreted independently by two experienced radi- 
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Fig. 1.—Endometrioma of left ovary 
in 35-year-old woman. 

A and B, 3-cm ovarian mass (arrows) 
appears isointense compared with sub- 
cutaneous fat on both coronal T1- 
weighted (650/17) (A) and axial T2- 
weighted (2000/80) (B) MR images. 

C and D, Mass (arrows) becomes 
markedly hyperintense relative to fat 
on axial T1-weighted (500/11) MR im- 
age with lipid suppression (C) and hy- 
pointense relative to fat on axial T1- 
weighted (500/11) MR image with 
water suppression (D). 


ologists. Disagreements were settled by joint review and consensus. 
A hemorrhagic lesion was diagnosed if the signal intensity of the 
mass was hyperintense relative to subcutaneous fat on lipid-sup- 
pressed images and hypointense compared with subcutaneous fat 
on water-suppressed images. Mature cystic teratoma was diagnosed 
if the mass remained isointense relative to fat on both water-sup- 
pressed and lipid-suppressed images. The standard T1- and T2- 
weighted SE images of the adnexal lesions were assessed separately 
and independently for the presence of a hypointense rim (Suggestive 
of hemosiderin or fibrous tissue around an endometrioma) [2], atypical 
chemical-shift artifact within or at the interface of the lesion (sugges- 
tive of cystic teratoma) [3], and relative signal intensity on T2- 
weighted images. 


Results 


Lipid- and water-suppression MR imaging enabled correct 
categorization of all 21 lesions in the 16 patients. The signal 
intensity of all 17 hemorrhagic lesions (16 endometriomas 
and one hemorrhagic cystic leiomyosarcoma) was hyperin- 
tense relative to fat on lipid-suppressed images and hypoin- 
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Fig. 2.—Endometrioma of right 
ovary in 33-year-old woman. 

A and B, 5-cm ovarian mass (arrows) 
appears isointense compared with sub- 
cutaneous fat on both T1-weighted 
(500/20) (A) and T2-weighted (2900/ 
126) (B) axial MR images. 

C and D, Lesion (arrows) becomes 
markedly hyperintense relative to sub- 
cutaneous fat on axial T1-weighted 
(600/20) MR image with lipid suppres- 
sion (C) and hypointense relative to fat 
on axial T1-weighted (600/20) MR im- 
age with water suppression (D). 


tense relative to fat on water-suppressed images (Figs. 1 and 
2). Only the hemorrhagic leiomyosarcoma and one endome- 
trioma displayed a hypointense rim suggestive of hemosiderin. 
On routine T2-weighted images, the hemorrhagic lesions were 
isointense compared with fat in seven patients (eight endo- 
metriomas), slightly hypointense relative to fat in two patients 
(three endometriomas), and markedly hyperintense relative to 
fat in four patients (five endometriomas and one leio- 
myosarcoma). These numbers include one patient with bilat- 
eral endometriomas, of which one was isointense with fat and 
the other was hyperintense relative to fat on T2-weighted 
images. 

All four cases of mature cystic teratoma were correctly 
characterized as lipid-containing lesions on the basis of the 
presence of areas that remained isointense with subcuta- 
neous fat on water-suppressed images (Figs. 3 and 4). All 
teratomas demonstrated suppression of lipid signal on lipid- 
suppressed images, remaining isointense with subcutaneous 
fat in three cases (Fig. 3) and becoming slightly hypointense 
relative to subcutaneous fat in one case (Fig. 4C). Two of the 
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teratomas demonstrated chemical-shift artifact at the inter- 
face between tumor fat and adjacent tissues (Fig. 4B). Com- 
pared with subcutaneous fat, the signal intensity of teratomas 
on T2-weighted images was isointense in three cases and 
slightly hypointense in one case. 


Discussion 


Lipid-containing lesions have high signal intensity on T1- 
weighted images because lipid has a short T1 relaxation time. 
Hemorrhagic lesions can display signal characteristics similar 
to those of lipid-containing lesions on both T1- and T2- 
weighted images if the lesion contains methemoglobin, which 
shortens both T1 and T2 relaxation times [7]. Recent series 
have demonstrated signal intensity isointense with fat on T1- 
weighted images in 52 of 88 endometriomas [2] and 22 of 23 
cystic teratomas [3]. 

In some cases, the diagnosis of endometrioma can be 
suggested if the lesion has a hypointense rim on both T1- 
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and T2-weighted MR images, although this feature is absent 
in the majority of lesions [2]. Only one endometrioma in this 
series and the hemorrhagic leiomyosarcoma had a border 
with low signal, suggesting hemosiderin deposition. 

Ovarian cystic teratomas can be suggested if there is 
atypical chemical-shift artifact due to lipid within the tumor, 
although this feature may be difficult to detect at lower field 
strengths [3], at standard bandwidths [8], or at curved inter- 
faces [9]. Only two of four cystic teratomas in this series 
demonstrated chemical-shift artifact at their margins. 

Slight differences in signal intensity between lesion and 
subcutaneous fat on T2-weighted images did not prove help- 
ful for lesion characterization. Although hemorrhagic lesions 
in two patients appeared slightly hypointense relative to sub- 
cutaneous fat on T2-weighted images, one cystic teratoma 
also appeared slightly hypointense relative to subcutaneous 
fat. Since the lipid and water composition of subcutaneous 
fat differs from that of the sebum in cystic teratoma, slight 
differences in signal intensity may be encountered [3] (Fig. 
4C). 


AJR:158, February 1992 


Fig. 3.—Mature cystic teratoma of 
right ovary in 38-year-old woman. 

A-D, 4-cm ovarian mass (arrows) re- 
mains isointense compared with sub- 
cutaneous fat on axial T1-weighted 
(800/20) MR image (A), T2-weighted 
(2000/80) MR image (B), T1-weighted 
(600/20) MR image with lipid suppres- 
sion (C), and T1-weighted (700/11) MR 
image with water suppression (D). 


For ovarian masses that appear isointense with fat on T1- 
weighted images, supplementary lipid- and water-suppres- 
sion sequences are not always necessary to differentiate 
hemorrhagic from lipid-containing lesions. In this series, seven 
of 17 hemorrhagic lesions could be characterized by either 
marked hyperintensity compared with fat on routine T2- 
weighted images or a hypointense rim. Two of four teratomas 
could be characterized by atypical chemical-shift artifacts. 
Thus, lipid and water suppression improved characterization 
of 57% of lesions (12/21) in this study population. 

Lipid- and water-suppression MR imaging can differentiate 
between hemorrhagic lesions and cystic teratomas, because 
the source of high signal on T1-weighted images is the water 
proton for hemorrhage vs the lipid proton for cystic teratoma. 
All cases in this series were differentiated successfully with 
these two techniques. Although these techniques can exclude 
lipid as a source of high signal on T1-weighted images, 
persistence of high signal on lipid-suppressed T1-weighted 
images will not be unique to endometrioma. Other hemor- 
rhagic lesions, especially hemorrhagic cysts, may be indistin- 
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Fig. 4.—Mature cystic teratoma in 
28-year-old woman. 

A, 4-cm left adnexal mass (arrow) is 
isointense compared with subcuta- 
neous fat on coronal T 1-weighted (500/ 
20) MR image. 

B, On axial T2-weighted (1900/80) 
MR image, left ovarian mass (straight 
arrow) appears isointense compared 
with subcutaneous fat, although 
slightly heterogeneous. Chemical-shift 
artifact may be present along supero- 
medial and superolateral margins of 
mass (curved arrows), suggesting cys- 
tic teratoma. 

C, Anterior component (arrow) of 
ovarian lesion becomes slightly hypoin- 
tense relative to subcutaneous fat on 
axial T1-weighted (567/11) MR image 
with lipid suppression, indicating that 
lipid in this teratoma differs from lipid 
in subcutaneous fat. 

D, Mass (arrow) remains isointense 
compared with subcutaneous fat on ax- 
ial T1-weighted (567/11) MR image 
with water suppression. 


guishable from endometriomas [1]. Similarly, any lipid-con- 
taining lesion may have signal behavior identical to that of 
cystic teratoma, although lipid is rare in other ovarian tumors. 

In this study, we routinely used both lipid-suppression and 
water-suppression pulse sequences. Although either se- 
quence alone may distinguish blood from lipid, use of both 
sequences subjectively improved diagnostic confidence. Be- 
cause suppression of signal often was incomplete within 
lesions (Figs. 1D, 2D, and 3C), the lipid- and water-suppres- 
sion images were complementary. The lipid-suppressed im- 
ages accentuated the conspicuity of hemorrhagic lesions, 
whereas the water-suppressed images enhanced the conspi- 
cuity of lipid-containing lesions. 

We conclude that the appearance of blood and lipid in 
ovarian tumors is sufficiently different on lipid- and water- 
suppression MR images to allow an accurate distinction be- 
tween the two. The two techniques should be useful in the 
differential diagnosis of lesions that appear isointense to 
subcutaneous fat on routine MR images. 
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Book Review 





Diagnostic Radiology 1990. Edited by Charles A. Gooding. Philadelphia: Lippincott, 600 pp., 1990. $99 


In his preface, Dr. Gooding states that this volume is intended to 
serve as a “synopsis of the state-of-the-art in the field of radiology.” 
| immediately became alarmed when | read this. State-of-the-art 
articles and books too often serve as forums for authors (and editors) 
to present individual biases and unproved research interests as fact 
to an audience that has been conditioned by years of formal education 
to uncritically accept the pronouncements of “professors” as truth. 
Thus, heavily girded with cynicism, | began to read. | was more than 
a little pleasantly surprised. 

The book is a collection of 61 short reviews (most are five to 10 
pages long). Each presents state-of-the-art information about a se- 
lected topic in gastrointestinal, genitourinary, thoracic, cardiovascular, 
pediatric, musculoskeletal, or head and neck radiology. A separate 
chapter (five reviews) discusses advances in sonography, and the 
final chapter of the book, “The Future of Radiology,” contains essays 
on positron emission tomography, MR spectroscopy, the use of 
computers to review and interpret images, and picture archiving and 
communications systems. 

Most of the articles are concise, well written, and practically 
oriented. The sections describing the sonographic diagnosis of ap- 
pendicitis, the approach to imaging the pancreas, the role of the 
radiologist in imaging and treating patients with urosepsis, parathy- 
roid imaging, and interventional procedures in the chest are particu- 
larly noteworthy. They provide rational, balanced discussions of 
pertinent clinical and radiologic issues and present specific guidelines 
for performing and interpreting radiologic studies. | particularly liked 
the sections on fractures in infants and children, rickets and osteo- 
malacia, disorders of the hip, and the imaging of elbow trauma. They 
are filled with useful information and show that interpretation of plain 
films still plays a significant role in the state-of-the-art practice of 
radiology. 


The figures that accompany most of the articles are excellent and 
are a major strength of this work. They are well selected and labeled 
and are large enough to be viewed comfortably (without a magnifying 
glass). Furthermore, they distinguish this book from several other 
texts (such as the Yearbook of Diagnostic Radiology) that present 
critical reviews of new information in the field of imaging but do not 
provide adequate illustrations. 

Certain inconsistencies in style and redundancy in content occur 
in virtually all books written by more than one author, and this book 
is no exception (the information in “Computed Tomography of Renal 
Infections and Infarctions” is for the most part a duplication of material 
presented in the preceding chapter, “Urosepsis: CT, Sonography, 
and Interventional Radiology”). These occurrences are kept to an 
acceptable minimum. 

The general applicability of a few sections, such as “Radiology of 
Liver Transplantation” and “Percutaneous Discectomy,” is question- 
able, but these sections are, at worst, merely interesting, if not 
practical. | was, however, completely baffled and put off by the lack 
of images in the chapter titled “HRCT Patterns of Diffuse Lung 
Disease”; verbal descriptions cannot substitute for actual high-reso- 
lution scans. 

| was favorably impressed by this book. The articles are brief, 
balanced, and well illustrated, and for the most part, they are, as 
advertised, practically oriented. | learned a great deal, and | think that 
other practitioners may find this volume interesting and useful. 


Stuart A. Groskin 
State University of New York, Health Science Center at Syracuse 
Syracuse, NY 13210 
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Pictorial Essay 





Sonographic Features of Genitourinary Tuberculosis 


K. M. Das,’ R. Indudhara,’ and S. Vaidyanathan? 


Despite the frequency with which tuberculosis involves the 
genitourinary tract, the sonographic features of genitourinary 
tuberculosis have been described infrequently [1, 2]. In this 
essay, we illustrate the sonographic features of various ab- 
normalities of the kidneys, bladder, prostate, and seminal 
vesicles caused by tuberculosis. 


Subjects and Methods 


During the past 2 years, we examined 20 patients with genitouri- 
nary tuberculosis. In 13 patients, the diagnosis was established on 
the basis of positive urine culture for acid-fast bacilli. In the other 
seven patients, the diagnosis was achieved by sonographically guided 
fine-needle aspiration cytology of the renal lesions (six patients) or by 
seminal fluid analysis (one patient). All patients were scanned with a 
3.5-, 5-, and 7-MHz sector transducer that was appropriately focused. 
Serial transverse and longitudinal scans were made through both 
kidneys. The bladder, prostate, and seminal vesicles were examined 
with the bladder full. All examinations were performed before antitu- 
berculous therapy was begun. Seventeen of the 20 patients had 
excretory urography; the results were normal in six patients and 
suggestive of tuberculosis in the other 11. 


Sonographic Findings 
Renal Lesions 


The most frequently encountered sonographic abnormali- 
ties were focal renal lesions. Small (5-15 mm) focal lesions 
(Fig. 1) were either echogenic or had an echogenic border 
with a central area of low echogenicity. Large focal lesions 
(>15 mm) were of mixed echogenicity, seen as a focal lesion 
with a poorly defined border (Fig. 2). Focal calcification was 
seen as highly echogenic with distal shadowing. In most 
cases, it represents a healed granulomatous process. Focal 
caliectasis mostly represents infundibular stenosis. Papillary 
involvement was seen as an echogenic nonshadowing mass 
(Fig. 3) localized to few of the calices, and sloughed caliceal 
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wall appeared as an echogenic flap separated from the cali- 
ceal wall (Fig. 3). The communicating track appeared as a 
sonolucent linear track entering the dilated calix (Fig. 4). 


Bladder Lesions 


The undermining ulcer of the bladder was seen as intrava- 
sation of urine into the deeper layer of the bladder wall with 
overhanging mucosa (Fig. 5). Focal vesical nodules were 
sessile, echogenic, and mostly localized to the base of the 
bladder (Fig. 6). 


Seminal Vesicle 


Unilateral dilated seminal vesicle was seen in one patient 
(Fig. 7). Sonographically guided vesiculography revealed sim- 
ilar findings with better visualization of the site of block (Fig. 
7B). 


Discussion 


Our experience suggests that carefully performed sonog- 
raphy can show the spectrum of morphologic abnormalities 
of genitourinary tuberculosis. The most frequently encoun- 
tered sonographic abnormality in this series was the focal 
renal lesion. Similar-appearing lesions may be found in acute 
focal bacterial nephritis, in xanthogranulomatous pyelone- 
phritis, and with small benign and malignant tumors. In the 
absence of urine culture positive for acid-fast bacilli, or even 
when cultures are positive but there is a high prevalence of 
tuberculosis in the population and the possibility of coexisting 
disease has to be excluded, fine-needle aspiration cytology 
allows a lesion to be confirmed as tuberculous in origin. 

In renal tuberculosis, bilateral renal involvement is ex- 
pected, although macroscopic disease often develops in one 
kidney with the changes in the other kidney remaining micro- 
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scopic. We were encouraged to find sonographic demonstra- 
tion of bilateral disease in 30% of our cases, whereas Premku- 
mar et al. [1] were unable to show contralateral disease with 
either CT or sonography. We think that the most likely expla- 
nation for our improved detection rate of bilateral disease was 
the use of high-frequency ultrasound transducers, which pro- 
vided improved tissue characterization [3] and thus allowed 
visualization of early focal lesions. 





Fig. 1.—Focal renal lesion in 12-year-old boy 
with renal tuberculosis who had intermittent fe- 
ver and hematuria. Sagittal sonogram of kidney 
shows echogenic focal lesion in upper pole area 
(arrow), occupying cortex and medulla. Results 
of a fine-needle aspiration cytologic examination 
were positive for tuberculosis. 


Fig. 2.—Large tuberculous focal lesion in a 
34-year-old woman with pain in right kidney. 
Sagittal sonogram of right kidney shows an ech- 
ogenic focal lesion (arrow), which resembles a 
tumor, occupying cortex, medulla, and central 
sinus area. Results of a fine-needle aspiration 
cytologic examination were positive for tuber- 
culosis. 


Fig. 3.—Papillary mass and sloughed caliceal 
wall in a 30-year-old woman with pain in right 
loin. 

A, Sagittal sonogram of right kidney shows 
dilated calix with echogenic nonshadowing filling 
defect caused by papillary mass (arrow). 

B, Nephrostogram shows filling defects in up- 
per three calices. Note that rest of calices are 
free of any such defects, which indicates local- 
ized disease. Urine culture was positive for acid- 
fast bacilli. Excretory urogram (not shown) re- 
vealed nonfunctioning right kidney. 

C, Oblique sonogram shows sloughed caliceal 
wall as double-outlined caliceal wall (arrow). 

D, Sagittal sonogram shows overhanging 
flaps of sloughed wall attached to wall of calix 
(arrowheads). 


With sonography, caliceal filling defects caused by blood 
clot, fungus ball, or debris may have an appearance similar to 
a sloughing papilla, but if necessary they can be differentiated 
by fine-needle aspiration cytology. In two of our patients, a 
sonolucent track (Fig. 4) was visualized that we believed 
represented the communication between a calix and a papil- 
lary cavity. 

Bladder involvement can be expected in 33% of cases of 





Fig. 4.—Sagittal sonogram of 32-year-old man shows sonolucent com- 
municating track (arrow) between an abscess cavity and dilated calix. 
Urine culture was positive for acid-fast bacilli. 





genitourinary tuberculosis [4]. Apart from sonographic visual- 
ization of localized and generalized bladder scarring, we also 
identified focal nodular lesions. Bladder tumors may have a 
similar appearance, and therefore cytoscopic biopsy is ad- 
vised. The undermining ulcer of bladder wall is familiar to the 
pathologist and can be recognized at cystoscopy and sonog- 
raphy. 

Rarely, the seminal vesicles may be involved by tuberculo- 
sis. Sonographic diagnosis of dilated seminal vesicles usually 
presents no problem, but to make a specific diagnosis, aspi- 
ration is necessary. 
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Fig. 5.—A-C, 28-year-old man with painless hematuria. Sagittal sonogram (A) shows ulcer of bladder with an overhanging mucosa (arrow). On 
transverse sonogram (B), ulcer appears as intravasation of urine into deeper area of ulcer. Excretory urogram (C) shows a contrast-filled cavity (arrow) 
adjacent to bladder. Ulcer was confirmed at cystoscopy, and urine culture was positive for acid-fast bacilli. 





Fig. 6.—Transverse sonogram of 32-year-old 
man with pyuria shows two hyperechogenic nod- 
ules of different sizes at base of bladder. Results 
of a cystoscopic biopsy were positive for tuber- 
culosis. 


Fig. 7.—A and B, 34-year-old man with primary infertility. Oblique sonogram (A) of urinary bladder 
shows dilated seminal vesicle, and sonographically guided seminal vesiculogram (8) shows same 
findings. Culture of seminal fluid grew acid-fast bacilli, whereas urine was negative for acid-fast 
bacilli. 





330 





Radiologic-Pathologic Conferences of the Massachusetts General Hospital 
ELL ALTE LINC LEILA E RET: HERAT IE SoS Rpm Ta 


Idiopathic Tumoral Calcinosis 


Felix S. Chew' and William B. Crenshaw 


A 22-year-old man had a recurrent mass in the sole of the 
right foot. Although he had been asymptomatic for approxi- 
mately 15 years after a previous operation, he had noticed 
swelling and tenderness for several months. The patient was 
hyperphosphatemic, but renal function and serum calcium, 
alkaline phosphatase, and parathyroid hormone levels were 
normal. Plain films of the foot showed a 7-cm, multiglobular, 
calcified soft-tissue mass on the plantar aspect of the forefoot 
(Fig. 1). CT showed discrete, rounded, 2- to 20-mm calcific 
foci, some with homogeneous attenuation and some with 
sedimentation levels. The adjacent bones were normal. A 
local excision showed the lesion to consist of multiple calcific 
deposits surrounded by chronic foreign-body reaction and 
fibrosis. The calcareous material had the consistency of tooth- 
paste. The final pathologic diagnosis was idiopathic tumoral 
calcinosis. 

Idiopathic tumoral calcinosis is thought to result from a 
heritable error in phosphorus metabolism that leads to extra- 
cellular deposition of calcium hydroxyapatite crystals [1, 2]. 
These are seen most frequently in the form of periarticular 
soft-tissue masses. Suspended calcium salts may layer out 
within cystic structures. The surrounding granulomatous for- 
eign-body response to the deposits results in bright signal on 





A 


Fig. 1.—Tumoral calcinosis. 


T2-weighted MR images [1]. Because the deposits are active 
metabolically, radionuclide bone scans show abnormal accu- 
mulation. 

Idiopathic tumoral calcinosis is rare and appears to have 
autosomal dominant transmission and various clinical signs 
and symptoms. More common in blacks than in other racial 
groups, the most frequent age of presentation is during 
childhood or adolescence. The lesions enlarge slowly, may 
attain large size, and may become symptomatic by virtue of 
local mechanical effects. If incompletely resected, they may 
recur. Other manifestations include elevated 1,25-dihydroxy- 
vitamin D; levels (not measured in this case), calcific myelitis, 
and dental abnormalities. Dietary restriction of phosphorus 
may be beneficial in some patients; surgical excision is re- 
served for symptomatic lesions. The radiologically indistin- 
guishable condition of secondary tumoral calcinosis may oc- 
cur in association with such disorders as chronic renal failure 
or scleroderma. 
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A, Radiograph shows multiglobular calcific mass in plantar aspect of forefoot. 
B, Axial CT scan shows multiple collections of calcareous material, some with sedimentation levels. 
C, Low-power photomicrograph of one collection shows calcified masses (straight arrows) with foreign body inflammatory reaction and giant cells 


(curved arrows). Note surrounding fibrosis (F). 
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Benign Giant-Cell Tumor of Bone 
with Pulmonary Metastases: Clinical 
Findings and Radiologic Appearance of 
Metastases in 13 Cases 





Tumors that metastasize are considered “malignant” by definition. However, benign 
giant-cell tumor of bone is an exception because of the potential for histologically benign 
pulmonary metastases, a fact seldom emphasized in the radiologic literature. We 
therefore report our experience with 13 cases of pulmonary metastasis among 475 
patients (prevalence, 3%) in whom benign giant-cell tumor of bone was diagnosed 
before 1990 at our institution. Five (38%) of the 13 primary bone tumors were located in 
the distal radius. Local recurrence at the site of the primary bone tumor occurred in 
seven patients (54%) before pulmonary metastases developed. The mean interval from 
the diagnosis of the primary bone tumor to the onset of pulmonary metastasis was 3.8 
years, with a maximum of 10.7 years. Fifty-four percent of the patients (7/13) had 
pulmonary metastases 3 years after diagnosis of the primary bone lesion, and 92% (12/ 
13) had pulmonary metastases 7.5 years after diagnosis. Overall mortality rate directly 
due to giant-cell tumor and its metastases was 23%. On chest radiographs and CT 
scans, pulmonary metastases appeared as rounded, nodular opacities of homogeneous 
density, ranging from 0.5 cm to 8.0 cm in diameter. Peripheral regions of the lungs were 
involved in 85% of the cases and basilar regions in 62%. 

Our study shows that benign giant-cell tumor of bone can produce pulmonary metas- 
tases, that metastases most often occurred with recurrent local disease and distal radial 
lesions, that the prognosis was relatively favorable, and that such metastases had no 
distinguishing radiologic features. 


AJR 158:331-334, February 1992 


This retrospective review is the largest series on benign giant-cell tumor of bone 
with histologically benign pulmonary metastases. The paradox of a metastasizing 
“benign” tumor is well documented, and numerous cases have been reported 
[1-7]. The lungs are the principal site of metastases, and the pulmonary lesions 
are pathologically indistinguishable from the primary tumor. 

Although many cases of giant-cell tumor with pulmonary metastases have been 
reported from an orthopedic perspective, this topic has received little consideration 
in radiologic literature. We reviewed both the clinical findings and the radiologic 
appearance of benign giant-cell tumor of bone with pulmonary metastases and 
herein report our experience. 


Materials and Methods 


Approximately 9000 patients with primary bone tumors were seen at our institution before 
1990. Of these, 475 patients had benign giant-cell tumors of bone. We reviewed the medical 
records of all patients in whom benign giant-cell tumor of bone was diagnosed, and we 
selected only those patients who also had histologically proved benign pulmonary metastases. 
Benign giant-cell tumor was characterized by the absence of atypical nuclei and a high mitotic 
rate. Thirteen (3%) of the 475 patients fulfilled our criteria. Clinical and pathologic information 
was obtained from the medical records, and radiologic examinations were evaluated. Patients 
were followed up for a mean of 11 years (range, 1-24 years). 
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All 13 patients had chest radiographs. Ten patients had CT scans 
of the chest. Radiographs made before 1980 (five cases) and results 
from three CT scans were not available for review. For analysis of 
chest radiographs, films were available for eight patients; photo- 
graphs (two cases) and written reports (three cases) were used when 
radiographs were not available. For analysis of the CT scans, films 
were obtained in seven cases, and written reports were used in the 
remaining three cases. We recorded the size, shape, density, number, 
distribution, and presence of calcifications in the pulmonary metas- 
tases. 

Clinical data consisted of patients’ age and sex, sites of primary 
bone lesions and secondary metastatic lesions, and outcome. Both 
the primary bone lesion and pulmonary metastases were histopath- 
ologically confirmed in each case. 


Results 


The mean age of patients when giant-cell tumor of bone 
with pulmonary metastases was diagnosed was 30 years 
(range, 12-61 years). Occurrence of disease peaked in pa- 
tients from 25 to 30 years of age. Our series had seven 
females and six males. The initial bone lesions occurred in 
the distal radius, distal femur, proximal and distal tibia, sac- 
rum, and pelvis (Fig. 1). Five (88%) of the 13 primary bone 
tumors were located in the distal radius. 

Treatment of the initial bone lesions consisted of the follow- 
ing: excision by curettage with autogenous bone grafting 
(seven cases), excision by curettage followed by irradiation 
(three cases), and resection with autogenous bone grafting 
(three cases). Irradiation was used for sacral lesions (two 
cases) and lesions in the distal radius (one case), using total 
doses ranging from 14 to 50 Gy. Resection was associated 
with knee arthrodesis (two cases) and pelvic involvement (one 
case). Local recurrence at the site of the primary bone tumor 
occurred in seven patients (54%) before the development of 
pulmonary metastases. The interval to pulmonary metastases 
showed wide variability in each type of treatment. No asso- 
ciation was found between the number of surgical interven- 
tions performed on the primary bone tumor and the interval 
to pulmonary metastasis. 
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Fig. 1.—Graph and drawing show age distribution and location of lesions 
in 13 patients with benign giant-cell tumor of bone and pulmonary metas- 
tases. 
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Fig. 2.—Graph shows interval from initial diagnosis of benign giant-cell 
tumor of bone to diagnosis of pulmonary metastases in 13 patients. 


Pulmonary metastases were detected in 54% of the pa- 
tients within 3 years of the primary diagnosis and in 92% of 
the patients within 7.5 years. The mean interval to metastasis 
was 3.8 years (maximum, 10.7 years; Fig. 2). Pulmonary 
metastases were discovered in three patients within 4 months 
of the primary diagnosis. In one of these cases, metastases 
were detected at the time of initial presentation. None of the 
13 patients had pulmonary symptoms before metastases 
were detected. 

Each patient received either surgical or medical treatment 
for initial pulmonary metastases. Only one patient was treated 
medically, because the extent of metastasis precluded sur- 
gery. Twelve patients were treated surgically and underwent 
pulmonary wedge resection or lobectomy. All existing nodules 
were completely removed in four patients. Three of these 
patients had no further sign of existing disease 0.5, 17.8, and 
18.2 years later. In the fourth patient, additional metastases 
occurred and were treated with two thoracotomies. Sponta- 
neous regression of nodules was noted, and the patient 
remained without signs of active disease 7.3 years after initial 
pulmonary surgery. Follow-up of eight patients with incom- 
plete surgical removal of the pulmonary metastases was as 
follows: two patients died of causes directly related to metas- 
tases 3.8 and 8.0 years after initial pulmonary surgery, one 
patient had progressive pulmonary disease 3.7 years later 
despite three thoracotomies, four patients had evidence of 
stable pulmonary metastases at 3.5, 5.3, 9.3, and 9.7 years, 
and one patient had stable disease at 0.5 years (nodules 
showed regression after chemotherapy). 

Additional pulmonary metastases developed in six patients 
(46%) after initial surgical resection of metastatic lesions (Fig. 
3). The mean interval to additional pulmonary metastases was 
1.9 years (range, 0.3-3.9 years). Of these six patients, re- 
moval of pulmonary nodules was incomplete in five and 
complete in one. The primary bone tumor was treated with 
excision by curettage with autologous bone graft (four cases), 
resection arthrodesis (one case), and with excision by curet- 
tage and irradiation (one case). 

Eight of the 13 patients were alive at last follow-up (mean 
follow-up, 8.5 years; Table 1). Five had died, but only three 
of the deaths were directly related to giant-cell tumor. Two 
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Fig. 3.—A, Chest radiograph shows a 2-cm 
metastasis (arrow) in left upper lobe of lung that 
had enlarged and subsequently was resected. 

B, CT scan at lung windows confirms circum- 
scribed solitary metastasis (arrow). 

C, Lordotic chest radiograph obtained 20 
months after A shows recurrent metastases (ar- 
rows) to right lung. Nodules were resected, and 
patient was alive without recurrence after 13 
months. 

D, CT scan obtained about 20 months after A 
shows recurrent benign pulmonary metastases 
(arrow). 
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TABLE 1: Follow-up and Survival Data in 13 Patients with 
Benign Giant-Cell Tumor of Bone and Pulmonary Metastases 





Patient Follow-up (yr) Survival 
1 24.2 Dead 
2 11.4 Dead? 
3 20.2 Alive 
4 7.8 Alive 
5 11.3 Alive 
6 53 Dead? 
rj 12.2 Alive 
8 16.8 Dead 
9 3.8 Alive 

10 13.4 Dead? 
11 3.8 Alive 
12 0.9 Alive 
13 8.3 Alive 





* Death related to giant-cell tumor. 


patients died because of progressive pulmonary metastases 
3.8 and 8.0 years after surgical treatment of pulmonary nod- 
ules, and the third patient died of complications related to 
chemotherapy [4]. This represented an overall mortality rate 


for metastatic benign giant-cell tumor of bone of 23% (3/13 
patients). 


Radiologic Features of Pulmonary Metastases 


Pulmonary metastases were round to oval, nodular opaci- 
ties of homogeneous density, ranging in diameter from 0.5 to 
8.0 cm. The nodules had well-defined edges with a narrow 
zone of transition between the lesion and the surrounding 
pulmonary parenchyma (Fig. 3). Peripheral (85% of cases) 
and basilar (62% of cases) regions of the lungs were most 
likely to be involved. Chest radiographs showed solitary nod- 
ules in eight patients and multiple nodules in four; results 
were normal in one patient. CT showed solitary nodules in 
three patients and multiple nodules in seven. CT was better 
than chest radiography for detection of nodules. Calcification 
of nodules could not be detected on chest radiographs, but 
in one patient, CT showed a calcium shell that was evident in 
three nodules. This dense, noncontinuous, outer rim of the 
calcium shell enclosed an inner, lower-density region. On 
review of pathologic findings, ossification of metastatic nod- 
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ules was confirmed in eight of the 13 patients; each nodule 
frequently had a sclerotic edge. 


Discussion 


The prevalence of benign giant-cell tumor of bone with 
pulmonary metastases was 3%. This rate is consistent with 
values from earlier studies in which prevalence ranged from 
1% to 6% [2, 4, 6, 8-12]. 

Radiologic evidence of pulmonary metastases is often as- 
sociated with a malignant tumor, short survival times, high 
mortality rates, and overall poor clinical prognosis. However, 
our findings indicate that patients with benign giant-cell tumor 
of bone with pulmonary metastases generally have a more 
favorable clinical outcome. Patients had relatively long survival 
times despite local recurrence of tumor in the bone and the 
development of additional pulmonary metastases (Table 1). 
Similar findings were observed in other studies [2, 9]. The 
mortality rate in our series was 23%, which is comparable to 
values from other reports, which ranged from 0% [10] to 25% 
[4]. Ten of our patients survived for at least 5 years. 

Recurrent lesions and pulmonary metastases may be re- 
lated to tumor aggressiveness. Metastases generally oc- 
curred with local recurrence of the bone tumor. In 54% of the 
cases, at least one local recurrence was detected before 
pulmonary metastases were detected. Rock et al. [4] suggest 
that the likelihood of metastasis is greater in patients who 
have had more than one local recurrence and that “the 
likelinood of metastasis is also increased in tumors that are 
roentgenographically aggressive, especially those with soft- 
tissue extension.” 

Although tumors in the distal radius account for only 12% 
of giant-cell tumors of bone, they occurred in 38% of our 
patients with pulmonary metastasis. Further investigation with 
additional cases would be helpful in determining the signifi- 
cance of this finding. 
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Radiographic findings indicate that metastases have no 
distinguishing features according to shape, size, edges, or 
distribution. Although only film studies of CT examinations 
were available in this retrospective review, the pathologic 
findings suggest that more calcium in the rim of the pulmonary 
metastases might be detectable with careful attention to 
attenuation values and window levels during CT examination. 
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Hematopoietic Bone Marrow 
Hyperplasia: High Prevalence on MR 
Images of the Knee in Asymptomatic 
Marathon Runners 





In a prior study of marathon runners, we noticed that MR scans of the knee frequently 
showed hyperplasia of red (i.e., hematopoietic) bone marrow. Because the frequency of 
this finding in various populations is unknown, the purpose of this study was to determine 
the relative prevalences of hematopoietic bone marrow hyperplasia on MR examinations 
of the knees of healthy volunteers (n = 74), patients with symptoms of knee disorders 
(n = 54), and asymptomatic marathon runners (n = 23). The prevalence of hematopoietic 
bone marrow hyperplasia was 3% (2/74) for the healthy volunteers, 15% (8/54) for the 
patients, and 43% (10/23) for the marathon runners. The difference in prevalence 
between each of the three groups was statistically significant at p < .05. In each case 
with hematopoietic bone marrow hyperplasia, the distal femur was the only area affected, 
while the epiphysis and proximal tibia were uninvolved. This pattern of affected bone 
marrow with hyperplasia of the hematopoietic marrow may be useful for the differential 
diagnosis. 

We postulate that the high prevalence of hematopoietic bone marrow hyperplasia in 
marathon runners may develop as a response to “sports anemia,” which is commonly 
found in highly conditioned, aerobically trained athletes. Furthermore, this is considered 
to be a normal variant when found in the pattern described here. 


AJR 158:335-338, February 1992 


In an earlier study, hematopoietic bone marrow hyperplasia was detected inci- 
dentally in the distal femurs of 10 patients during routine MR imaging of the knee 
[1]. This finding was considered to be a benign process, observed mostly in mildly 
to moderately obese women, some of whom were cigarette smokers with associ- 
ated peripheral leukocytosis [1]. 

During a recent study of asymptomatic marathon runners [2], we noticed that 
the MR scans of the knee frequently showed hematopoietic bone marrow hyper- 
plasia in these athletes. Accordingly, we compared the frequency of hyperplasia of 
the hematopoietic bone marrow on MR examinations of the knee in asymptomatic 
marathon runners, in patients with symptoms of knee disorders, and in healthy 
volunteers. 


Materials and Methods 


The knees of three different groups of subjects were evaluated by MR imaging: group 1 = 
74 asymptomatic volunteer subjects who had no prior knee surgery or injuries (average age, 
35 years; 33 men, 41 women); group 2 = 54 symptomatic patients who had MR imaging to 
assess suspected meniscal and/or ligamentous abnormalities (average age, 38 years; 26 
men, 28 women); group 3 = 23 asymptomatic marathon runners who had no prior knee 
surgery or injuries (eight men, 15 women; average age, 40 years; average number of years 
training, 10; average training distance per week, 41 miles). Differences in ages and relative 
number of men and women among the three groups were not statistically significant (chi- 
square statistical analysis). 

MR imaging of the knee was performed with a 1.5-T MR scanner (Signa, GE Co., 
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Milwaukee, WI) and a send/receive extremity coil. The knee was 
positioned in the surface coil at an external rotation of approximately 
15-20°. A routine MR examination of the knee was performed as 
follows: coronal T1-weighted (800/20, [TR/TE]), sagittal proton den- 
sity-weighted, and T2-weighted (1800, 2000/20, 25, 70, 80) images 
were acquired with a 4- or 5-mm slice thickness, no interslice gap, a 
128 x 256 matrix, and a 16- or 20-cm field of view [1-3]. 
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MR images were reviewed by three radiologists, each with more 
than 5 years experience, who evaluated the images for evidence of 
hematopoietic bone marrow hyperplasia, which is characterized by 
regions of intermediate to decreased signal intensity on T1-weighted 
images that replaces the normal bright signal of fatty marrow [1]. The 
signal intensity of these areas did not change on T2-weighted images 
[1]. Hematopoietic bone marrow hyperplasia was best shown by the 


Fig. 1.—MR image (800/20) of knee in an 
asymptomatic subject shows normal bone mar- 
row in distal femur. 


Fig. 2.—MR image (800/20) of knee in a symp- 
tomatic subject shows decreased signal inten- 
sity indicative of hyperplasia of red bone mar- 
row. Area of decreased signal intensity is less 
than 25% of area of distal femur. 


Fig. 3.—MR image (800/20) of knee in a mar- 
athon runner shows decreased signal intensity 
indicative of hyperplasia of red bone marrow. 
Area of decreased signal intensity is greater 
than 25% and up to 50% of area of distal femur. 
Epiphysis is spared, and proximal tibia is not 
involved. 


Fig. 4.—MR image (800/20) of knee in a mar- 
athon runner shows decreased signal intensity 
indicative of hyperplasia of red bone marrow. 
Area of decreased signal intensity is greater 
than 50% of area of distal femur. Epiphysis and 
proximal tibia are uninvolved. 
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T1-weighted pulse sequence, so the T1-weighted coronal plane 
images were used for comparing the three groups. 

Although hematopoietic bone marrow hyperplasia is known to 
occur in both the proximal tibia and distal femur [1], only changes on 
the distal portion of the femur were considered for the purpose of 
this study. The extent of hematopoietic bone marrow hyperplasia 
was assessed by determining the relative area of the entire distal 
femur with decreased signal intensity on the coronal section location 
with the greatest amount of involvement according to the following 
scheme: grade 0 = no decreased signal abnormality (Fig. 1); grade 1 
= decreased signal intensity in an area less than 25% of the distal 
femur (Fig. 2); grade 2 = decreased signal intensity in an area greater 
than 25% and up to 50% of the distal femur (Fig. 3); and grade 3 = 
decreased signal intensity in an area greater than 50% of the distal 
femur (Fig. 4). 


Results 


The prevalence of hematopoietic bone marrow hyperplasia 
was 3% (2/74) in group 1, 15% (8/54) in group 2, and 43% 
(10/23) in group 3. The asymptomatic marathon runners had 
a significantly (o < .05) higher prevalence of hematopoietic 
bone marrow hyperplasia compared with the asymptomatic 
subjects and the patients. The symptomatic patients had a 
significantly (o < .05) higher prevalence of hematopoietic 
bone marrow hyperplasia compared with the asymptomatic 
subjects. The extent of hematopoietic bone marrow hyperpla- 
sia seen in the distal femurs of the subjects is summarized in 
Table 1. According to the classification scheme, the difference 
in the extent of marrow affected with hematopoietic bone 
marrow hyperplasia was not statistically significant among 
the three groups. 


Discussion 


The MR characteristics of bone marrow have been exten- 
sively described and discussed in the literature [1, 4-6]. With 
spin-echo pulse sequences, the fatty marrow is relatively 
bright on T1-weighted images [1, 5]. Cellular or hematopoietic 
marrow has a longer T1 relaxation time because of its lower 
fat content [1, 5]. On T2-weighted spin-echo sequences, the 
signal difference between the fatty and cellular marrow is 
smaller [1, 5]. Chemical-shift imaging techniques, including 
Dixon out-of-phase imaging, have shown additional contrast 
between hematopoietic and fatty bone marrow compared 
with conventional spin-echo imaging [5]. 

In the neonate, bone marrow is virtually all hematopoietic 
[7]. However, conversion from red (hematopoietic) to yellow 
(or cellular to fatty) marrow begins immediately [4, 5, 7]. This 
is a gradual, steady, and progressive process beginning from 
the distalmost points to the more proximal aspect of the long 
bones [4, 5, 7]. By approximately 25 years of age, the adult 
state of bone marrow has been realized, meaning that only 
the axial skeleton (pelvis, vertebrae, sternum, ribs, and skull) 
and the proximal shafts of the femora and humeri consist of 
hematopoietic marrow while the remainder of the skeleton 
consists of fatty marrow. 

The location and extent of the relative amounts of hema- 
topoietic and fatty components of bone marrow may be 
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TABLE 1: The Relative Extent of Marrow of the Distal Femur 
Affected by Hematopoietic Bone Marrow Hyperplasia 














Group Group Group 
Grade 1 2 3 

No. (%) No. (%) No. (%) 
0 72 (97) 46 (85) 13 (5) 
1 0 (0) 3 (6) 2 (9) 
2 1 (1) 2 (4) 4 (17) 
3 1 (1) 3 (6) 4 (17) 
Total 74 54 23 





Note.—Group 1 = asymptomatic subjects, group 2 = symptomatic subjects, 
group 3 = asymptomatic marathon runners. Grade 0 = no decreased signal 
abnormality, grade 1 = decreased signal intensity in an area less than 25% of 
distal femur, grade 2 = decreased signal intensity in an area greater than 25% 
and up to 50% of the distal femur, grade 3 = decreased signal intensity in an 
area greater than 50% of the distal femur. 


altered by the presence of disease [1, 5-7]. The numerous 
processes that cause this “reconversion” (i.e., increases in 
the amount of hematopoietic marrow present compared with 
the amount of fatty marrow) have been previously described 
and include such conditions as stress disorders or marrow 
replacement diseases (e.g., myelofibrosis or metastatic dis- 
ease) [4, 7]. Other factors also shown to affect the reconver- 
sion of marrow are changes in oxygen tension, alterations in 
vascularity, and elevations in temperature [7]. 

Deutsch et al. [1] first described hematopoietic bone mar- 
row hyperplasia seen incidentally in the peripheral marrow of 
healthy subjects during routine MR studies of their knees. 
Those study subjects were mostly women who were mildly 
to moderately obese, some of whom also had leukocytosis, 
presumably related to cigarette smoking [1]. The relationship 
between these two factors is unknown [1]. The higher prev- 
alence of hematopoietic bone marrow hyperplasia found in 
the patients in the present study compared with the asymp- 
tomatic subjects is, likewise, unknown. 

We suspect that the high prevalence of hematopoietic 
hyperplasia seen in the marrow of the asymptomatic mara- 
thon runners is the result of “sports anemia” in these subjects. 
Sports anemia is commonly found in physically active per- 
sons, particularly aerobically trained athletes, such as long- 
distance runners [8-11]. These otherwise healthy persons 
typically have chronically low or low-normal RBC, hematocrit, 
and/or hemoglobin levels [8]. This occurs especially in ath- 
letes whose training is rigorous [8]. Proposed causes of 
sports anemia include hemolysis, hematuria, gastrointestinal 
bleeding, excessive sweat loss, and/or an increase in plasma 
volume. The exact mechanism that produces this condition is 
unknown; it may be specific to an activity or result from a 
combination of factors [8-11]. For marathon runners, the 
conversion of fatty marrow to hematopoietic bone marrow 
may be a response to the anemia, similar to the hyperplasia 
of hematopoietic bone marrow seen with other forms of 
anemia [5]. 

Similar to the findings of Deutsch et al. [1], the MR findings 
in each of the subjects in our three groups showed epiphyseal 
sparing with respect to hematopoietic bone marrow hyperpla- 
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sia. Of note is the fact that, in asymptomatic persons, the 
epiphyses and apophyses are not involved in hematopoiesis 
and contain fatty marrow as soon as ossification develops [5]. 
Reconversion of fatty to hematopoietic marrow occurs in the 
epiphyses and apophyses only under extreme conditions [5]. 
Therefore, this pattern of affected marrow may be useful for 
the differential diagnosis, indicating a less serious problem. 
The relative extent of marrow affected with hematopoietic 
bone marrow hyperplasia was variable among the subjects in 
this study and, therefore, the changes were assessed only 
semiquantitatively. Apparently, as the requirements for in- 
creased hematopoiesis develop, the response is graded 
such that the amount of marrow that reconverts from fatty 
to hematopoietic marrow is contingent on the needs of the 
subject [5]. 

While one limitation of this study is that there was no 
analysis of peripheral blood and/or bone biopsy performed on 
the marathon runners, it is unlikely that these extremely 
healthy persons had any of the reported conditions that may 
Cause marrow reconversion (e.g., sickle cell anemia, osteo- 
myelitis, chronic granulocytic anemia, Gaucher disease) [1, 5, 
6], considering the extent of their training and the levels of 
athletic performance. Because MR imaging is routinely used 
for the examination of the musculoskeletal system of injured 
athletes [3], it is important to note that hematopoietic bone 
marrow hyperplasia in the pattern described in this study may 
be a normal finding in these cases. 
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MR Imaging of Joints: Analytic 
Optimization of GRE Techniques at 1.5 T 


Lawrence Yao' To clarify the choice of imaging parameters for optimal gradient-recalled echo MR 
Shantanu Sinha scanning of joints, we analyzed the behavior of contrast-to-noise and signal-to-noise 
Leanne L. Seeger ratios for spoiled (i.e., fast low-angle shot [FLASH] or spoiled GRASS) and steady-state 
(i.e., gradient-recalled acquisition in the steady state [GRASS] or fast imaging with 
steady precession) techniques at 1.5 T. The analysis is based on tissue characteristics 
derived from spin-echo measurements of hyaline cartilage and synovial fluid signal in 
the patellofemoral joints of 11 volunteers. Separate analysis of contrast-to-noise and 
signal-to-noise ratios for multiplanar (long TR) acquisitions shows that these parameters 
are each improved compared with single-slice methods. At TRs greater than 250 msec, 

there is no significant difference in the contrast behavior of FLASH and GRASS. 
For optimal contrast-to-noise ratio (synovial fluid—cartilage), the best multiplanar 
sequence (for TE <23 msec) is with a short TE and a large flip angle (e.g., 400/9/73° 
[TR/TE/flip angle]). If a single-scan or three-dimensional technique is desired, then a 
GRASS sequence at minimal TR and TE and intermediate flip angle (18/9/32°) is best. 
For optimal signal-to-noise ratio (for both synovial fluid and hyaline cartilage), the best 
multiplanar sequence uses a short TE and an intermediate flip angle (e.g., 400/9/30°). 
If a short TR, high signal-to-noise technique is desired, then GRASS (18/9/13°) is 

superior to FLASH. 





AJR 158:339-345, February 1992 


Gradient-recalled echo (GRE) techniques have gained wide popularity in mus- 
culoskeletal MR imaging; they have been specifically helpful for the evaluation of 
joints. These techniques provide high contrast between articular cartilage, synovial 
fluid, and fibrocartilaginous structures, frequently at a significant time savings as 
compared with spin-echo imaging. 

Recommendations for GRE scanning parameters are largely empirical. For 
evaluation of degenerative changes in hyaline cartilage, short TR (33 msec) fast 
imaging with steady precession (FISP) with a flip angle of 70° has been advocated 
[1]. For imaging of the glenoid labrum, long TR (300 msec) gradient-recalled 
acquisition in the steady state (GRASS) sequences with flip angles of 90° have 
been proposed [2]. Short TR (80 msec) fast low-angle shot (FLASH) sequences 


with a flip angle of 12° have been suggested for the general evaluation of articular 
Received May 28, 1991; accepted after revision incl. gg g 


September 13, 1991. cartilage [3]. ; . . . 
Presented at the annual meeting of the American This study analyzes the contrast and signal behavior of synovial fluid and hyaline 
Roentgen Ray Society, Boston, MA, May 1991. cartilage in an effort to provide objective data on which the choice of parameters 
1 All authors: Department of Radiological Sci- for articular imaging can be based. Two major GRE scan techniques will be 


Sei ee > we Siti T examined: (1) spoiled fast techniques, or those with incoherent dephasing after the 
or the mea ciences, e Conte Ave., LOS : . : 

Angeles, CA 90024. Address reprint requests toL. ®ChO (FLASH, spoiled GRASS [SPGR)), and (2) steady-state fast techniques with 
Yao. coherent dephasing after the echo (GRASS, FISP, fast steady state [FAST], 
0361-803X/92/1582-0339 resonant offset average steady state [ROAST]). For purposes of clarity, the first 


© American Roentgen Ray Society type of scan will subsequently be referred to as FLASH and the second as GRASS. 
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Signal and Contrast Formulas 


Analytic signal expressions for field-echo sequences have 
been summarized by van der Meulen et al. [4]. Defining E; = 
exp(—TR/T1), E2 = exp(-TR/T2), a = [1 — E, x EŻ + 
cos(alpha) x (E — E;)]/(1 — E), b = [1 + cos(alpha)] x Ez, 
c = {[1 + cos(alpha) — a]/(a® — b*)”} + 1, and rho = proton 
density, the signal intensity (S) for a FLASH sequence can be 
expressed as: 


S = rho x sin(alpha) x (1 — E;) x 
exp(—TE/T2)/[1 — E, x cos(alpha)]. (1) 


The signal intensity (S) for a GRASS sequence may be 
expressed as: 


S = rho X sin(alpha) x c x 
exp(—TE/T2)/[1 + cos(alpha)]. (2) 


These expressions are based on the following assumptions: 
slice profiles are rectangular, T2 equals T2*, and RF excita- 
tions are not phase alternated. In the case of GRASS, it is 
further assumed that the phase distribution of transverse 
magnetization is uniformly distributed from O to 27 within 
voxels. Deviations from the ideal slice profile probably account 
for the major inaccuracies in analytic signal estimations. An- 
alytic corrections for variations in slice profile are difficult to 
implement because deviations in slice profile are not system- 
atic [5]. On current state-of-the-art systems, the second 
assumption is reasonable [6] if susceptibility and chemical- 
shift effects can be ignored (significant signal-determining 
factors in the marrow space and in fat, respectively). 

In analyzing tissue signal-to-noise (S/N) and contrast-to- 
noise (C/N) ratios, a normalization for scan time is necessary 
such that comparisons are practically meaningful. Assuming 
the number of phase-encoding steps remains constant from 
scan to scan, the number of possible signal averages will be 
inversely proportional to the TR. Because noise is inversely 
proportional to the square root of the number of signal aver- 
ages, the following expressions can be used in the case of 
single-slice acquisitions: 


S/N = |S|/(TR)” (3) 
and 
C/N = |S, — S,I/(TR)”, (4) 


where S represents the signal value for the tissue of interest. 
S, and S; are the signal intensities of hyaline cartilage or 
synovial fluid. Noise and receiver bandwidth are assumed to 
be constant for each imaging experiment. 

In the case of an interleaved multislice acquisition, the total 
imaging time per slice is proportional to TR divided by n, 
where n represents the number of slices obtained per multi- 
slice acquisition. Thus, the appropriate time-adjusted expres- 
sions for the multislice acquisition become: 


S/N = |S|/(TR/n)* (5) 
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and 
C/N = |S, — S, | ((TR/n)”*. (6) 


It is possible to estimate n with reference to a machine- 
dependent time value we will refer to as t: 


n= TRATE +t). (7) 


Values for t are limited by the same constraints as are the 
boundary values for minimum TR. The minimum TR for a 
given TE is determined by the time required for sampling of 
the echo and rewinding spatial-encoding gradients. This time 
will be greater with scanning options such as presaturation 
and may vary with slice thickness. If no scanning options are 
used, the minimum TR is taken to equal TE plus 9 msec (t = 
9 msec). If presaturation is used, t becomes 26 msec for 
GRASS and 19 msec for FLASH. These values are based on 
figures applicable to the General Electric Signa (4.1) unit. 

With constant measuring time (bandwidth) and full echo 
sampling, 9 msec is taken to be the minimum TE. This 
minimum value dictates a minimum field of view. For the sake 
of simplicity, multiplanar S/N or C/N estimations will pertain 
to the optimal case. 

The S/N and C/N expressions for three-dimensional (3-D) 
acquisitions would be the same as in equations 5 and 6, but 
n would be independent of TR. Thus, the optimal 3-D se- 
quences should be the same as those recommended by the 
single-slice optimization (equations 3 and 4), although the 
actual S/N and C/N would be increased by a factor of n”. 
However, fixed parameters such as the minimum achievable 
TR and field of view may be different. As dictated by fast 
Fourier reconstruction techniques, the number of slices in 
3-D imaging is restricted to powers of two (typically 32 or 
greater). 


Subjects and Methods 


Imaging of the patellofemoral joint was performed in asymptomatic 
volunteers on a 1.5-T system (Signa 4.1, General Electric, Milwaukee, 
WI) with a 17-cm transmit-receive birdcage extremity coil. Spin-echo 
images were acquired by using a 10-cm field of view, 4-mm axial 
slices with a 4-mm interslice gap, 256 x 256 matrix, and one or two 
excitations. Regions of interest were measured with manufacturer- 
provided software. 

Seven subjects were imaged by using the following sequences 
(protocol 1): (1) 250-300/25 (TR/TE), (2) 850/25, (3) 1400/25, and 
(4) 2000-2300/25,50,75,100. Six subjects were imaged by using the 
following sequences (protocol 2): (1) 6000/25 and (2) 2300-3000/ 
25,50,75,100. Eleven subjects were imaged, two subjects were 
imaged in both protocols. Signal values were measured in both the 
basal and superficial aspects of the patellar cartilage in the region of 
the patellar apex, and from synovial fluid in the peripatellar synovial 
recesses, or deep to the retinaculum over the femoral condyles. 
Regions of interest ranged in size from 4 to 29 mm? for cartilage and 
from 3 to 33 mm? for synovial fluid. 

T1 and rho values for cartilage were derived from data in protocol 
1. T1 and rho values for synovial fluid were derived from data in 
protocol 2. Data from the multiecho acquisitions in both protocols 
were used to compute T2 values for both cartilage and synovial fluid. 
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T1 and T2 values were derived from the following signal expression 
for a spin-echo sequence: 


S = rho[1 — exp(—TW/T1)]exp(—TE/T2), (8) 


where TW = TR — TE. An accurate signal expression can be obtained 
in the multiecho case by using TW = TR — N x TE, where N = 
number of echoes obtained for the multiecho acquisition [7]. 

Assuming monoexponential decay, T1 and T2 values were com- 
puted by using a two-parameter, chi-square minimization curve fit. 
Signal values less than twice the magnitude of background signal 
were disregarded. Rho values were obtained via substitution of 
calculated T1 and T2 values into equation 8 by using the data from 
the longest TR, short TE sequence for each subject. Differences in 
tissue characteristics for superficial and basal laminae of patellar 
Cartilage were compared by using a paired t test. 

Contrast was optimized by using the characteristics of the super- 
ficial lamina of patellar cartilage. Contrast is discussed with respect 
to being either positive (synovial fluid signal > hyaline cartilage signal) 
or negative (synovial fluid signal < hyaline cartilage signal). Two 
numerical optimization procedures were performed: (1) maximizing 
the lesser of either the S/N (equation 5) for synovial fluid or hyaline 
Cartilage or (2) maximizing the C/N (equation 6) between synovial 
fluid and the hyaline cartilage. 


Results 


On the spin-echo images of the patellar cartilage, a grada- 
tion in signal could generally be discerned on the long TR/ 
short TE images, with increasing signal noted in the more 
Superficial aspects of the patellar cartilage. This gradation 
was inapparent on the short TR (300 msec) images. In two 
patients, this gradation in signal was generally much less 
prominent. In no case was the demarcation between super- 
ficial and basal zones well defined. T1, T2, and rho values 
were not significantly (p < .5) different in superficial and basal 
aspects of patellar cartilage. The tissue characteristics ob- 
tained are presented in Table 1. 

Signal and contrast for both GRASS and FLASH increase 
asymptotically with increasing TR values for appropriate alpha 
values regardless of the TE. Hence, discussion of optimal 
S/N or C/N will pertain to time-adjusted contrast (according 
to equations 3-6). For illustrative purposes, a TR of 400 msec 
will be chosen in discussing long TR (multiplanar) acquisitions, 
since this value would be fairly typical of many clinical appli- 
cations (providing approximately 10-20 slices, depending on 
scan options). 


TABLE 1: Measured Tissue Characteristics (1.5 T) 


—_——— SSE 
Measured Value + SD 


Tissue 
T1 T2 Rho 
(msec) (msec) 
Cartilage (superficial) 1089+ 97 33+ 7.3 881+ 87 
Cartilage (basal) 911 +240 30+ 51 715+ 164 
Synovial fluid 3176+ 461 177+ 40 1071 + 196 


ea E 
Note.—Units for rho (proton density) are arbitrary. 
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Fig. 1.—Signal analysis, short TR GRASS. Flip-angle (alpha) depen- 
dence of signal for hyaline cartilage (open Squares) and synovial fluid 
(solid squares) at minimal TR (18 msec) and TE (9 msec) is illustrated. 
Optimal flip angle is indicated by a vertical bar. Signal-to-noise ratio (S/N) 
is in arbitrary units. 


GRASS S/N (Optimization 1) 


TR-adjusted signal for field echoes generally increases for 
shorter TE and TR values. Maximal S/N for GRASS occurs 
at the minimal TE and TR values: 18/9/14° (TR/TE/flip angle); 
S/N = 14.73 for hyaline cartilage and 18.48 for synovial fluid 
(signal values are in arbitrary units). If the minimal attainable 
TR is 35 msec (e.g., with presaturation), the maximum occurs 
at 35/9/15°, with S/N = 14.40 for hyaline cartilage and 15.25 
for synovial fluid. The flip-angle dependence at these small 
TR values is shown in Figure 1 for the nonpresaturation 
sequence. 

For long TR values (>200 msec), relative maxima also 
occur at minimum TE values (9 msec) and an appropriately 
larger alpha. For TR = 300, 400, and 500 msec, alpha = 26°, 
30°, and 33°, respectively, with S/N of 12.80-12.88 for 
hyaline cartilage and 12.74-12.76 for synovial fluid. In the 
range of appropriate alpha values, the losses in S/N for these 
sequences are relatively minor with changes in TR, particularly 
for the longer TR sequences (Fig. 2A). Very little contrast 
between synovial fluid and hyaline cartilage can be expected 
in this range. The flip-angle dependence at these longer TR 
values is shown in Figure 2B. 

Considering a multiplanar acquisition, the S/N would be 
42.75 for hyaline cartilage and 42.25 for synovial fluid for the 
TR = 400 msec sequence with t = 26 msec, 2.93 times that 
of the optimal single-slice case (35/9/15°) with the same t 
value. 

A 400/9/30° GRASS image is illustrated in Figure 3. The 
measured S/Ns of hyaline cartilage and synovial fluid (relative 
to those for a 400/23/18° sequence) are 2.1% less and 11.3% 
more than predicted, respectively. 


FLASH S/N (Optimization 1) 


Signal is diminished for FLASH as compared with GRASS 
at short TR values for all but the smallest flip angles (<10°), 
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Fig. 2.—Signal analysis, long TR (multiplanar) GRASS. 
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A, TR dependence for optimal sequence 400/9/30°. Optimal TR value is indicated by a vertical bar. 
B, Flip-angle (alpha) dependence for optimal sequence 400/9/30°. Optimal alpha value is indicated by a vertical bar. 
Signal for hyaline cartilage (open squares); signal for synovial fluid (solid squares). Signal-to-noise ratio (S/N) is in arbitrary units. 





Fig. 3.—Axial GRASS MR image (400/9/30°, four excitations, imaging 
time = 6 min 51 sec) through patellofemoral joint. This sequence provides 
optimal signal to noise. However, relatively little contrast exists between 
synovial fluid (curved arrow) and patellar cartilage. Bright interface along 
surface of patellar cartilage (straight arrow) represents a chemical-shift 
artifact and is unrelated to presence of synovial fluid. 


particularly for synovial fluid (Fig. 4, compare with Fig. 1). On 
FLASH sequences at low flip angles, hyaline cartilage exhibits 
greater signal than synovial fluid, but synovial fluid exhibits a 
more gradual and sustained increase in signal with increasing 
TR. 

The optimal FLASH sequence is 22/9/7° with S/N = 12.76 
for synovial fluid and 12.77 for hyaline cartilage. With these 
parameters, almost no contrast between synovial fluid and 
hyaline cartilage can be expected. For TE = 9 msec, and a 


TE 9, TR 18 msec. 
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Fig. 4.—Signal analysis, short TR FLASH. Signal for FLASH at minimum 
TR and TE is less than for GRASS (Fig. 1) for all but smallest flip angles 
(<10°). Optimal flip angle (alpha) in this case is indicated by a vertical bar. 
Signal for hyaline cartilage (open circles); signal for synovial fluid (solid 
circles). Signal-to-noise ratio (S/N) is in arbitrary units. 


minimum TR of 28 msec, the optimal alpha is 8°, with S/N = 
12.75 for synovial fluid and 12.85 for hyaline cartilage. 

For longer TR values (>250 msec, the multislice case), 
signal behavior is essentially identical to that for GRASS, as 
discussed above. 


GRASS C/N (Optimization 2) 


The optimal contrast for GRASS occurs at a positive- 
contrast maximum: 18/9/32°, C/N = 6.52 (contrast values 
are in arbitrary units). This short TR maximum reflects the 
generally higher signal values of synovial fluid with GRASS 
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as compared with FLASH at short TR values (less than 
approximately 150 msec), particularly at intermediate and 
large flip angles (30-90°). This short TR minimum is quite 
sensitive to t (Fig. 5). For a minimum TR of 35 msec (e.g., 
using presaturation), the global maximum diverges to long 
TR values. For 35/9/35° images, C/N is only 2.65. 

In the range of short TR values, there is a mild contrast 
loss for changes in flip angle, but positive contrast for GRASS 
(Fig. 6) is slightly less sensitive to changes in flip angle than 
is short TR, negative contrast for FLASH. 

A negative-contrast long TR maximum occurs for GRASS 
if we limit TE < 23 and TR < 600 msec: 433/9/75°, C/N = 
—4.54. Changes in TR effect little C/N loss in this range (Fig. 
7A). For the long TR acquisition, the negative-contrast maxi- 
mum (short TE scan, Fig. 7B) is less sensitive to changes in 
flip angle than is the positive-contrast maximum (longer TE 
scan, Fig. 7B). 

In the multiplanar case, the C/N of the 433/9/75° sequence 
is —15.74 with a t = 26 msec, 2.41 times that of the short 
TR (18 msec), positive-contrast maximum with a t = 9 msec. 

Positive C/N can be achieved at long TR by using longer 
TEs. For 400/23/18°, the C/N is equivalent to that with the 
TE = 9 msec, negative-contrast sequence. An image with TE 
= 23 msec is shown in Figure 8. The measured contrast, 
normalized to synovial fluid signal, is 11.5% greater than the 
predicted contrast. 


FLASH C/N (Optimization 2) 


If TE is limited to less than 25 msec and TR to less than 
600 msec, a short TE, negative-contrast maximum occurs for 
FLASH: 23/9/20°, and C/N = —4.70 (Figs. 5 and 6). If the 
minimum TR is 28 msec (e.g., with presaturation), the optimal 
TE is 9 msec and flip angle is 22°, with almost identical C/N 
= —4.70. Thus, negative-contrast short TR FLASH is less 
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Fig. 5.—Contrast analysis, short TR. Positive contrast for optimal GRASS 
sequence (TE = 9 msec, alpha = 32°) is highly dependent on minimum 
achievable TR (squares). Maximal negative contrast (circles) for optimal 
FLASH sequence (TE = 9 msec, flip angle = 20°) is less than for GRASS, 
but it is also less sensitive to minimum achievable TR. Contrast-to-noise 
ratio (C/N) is in arbitrary units. 
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Fig. 6.—Contrast analysis, short TR. Comparison of flip-angle (alpha) 
dependence of FLASH (TR = 23 msec, circles) and GRASS (TR = 18 msec, 
squares) at minimum TE (9 msec). Optimal values are indicated by vertical 
bars. Contrast-to-noise ratio (C/N) is in arbitrary units. 


sensitive to changes in TR than is positive-contrast short TR 
GRASS. In this sense, short TR FLASH may be more versatile 
in providing high C/N for single-slice and 3-D acquisitions, 
certainly if presaturation is used. In the range of short TRs, 
minor changes in flip angle cause significant contrast losses 
(Fig. 6). 

Long TR (>250 msec) contrast behavior is almost identical 
to GRASS (as discussed above). 


3-D Imaging 


The optimal scan parameters for 3-D imaging are the same 
as for single-slice imaging. For a 32-slice acquisition with 
presaturation, our analysis would predict 14% greater S/N 
for 3-D GRASS (35/9/15°), as compared with two-dimen- 
sional (2-D)/multiplanar FLASH (896/9/44°). Because C/N in 
short TR GRASS is very sensitive to the minimum achievable 
TR, FLASH (28/9/22°) is more versatile for optimal C/N in 
3-D acquisitions (e.g., if presaturation is used). Again, for a 
32-slice acquisition with presaturation, our analysis would 
predict 11% greater C/N for the 3-D FLASH (28/9/22°) ac- 
quisition, as compared with multiplanar FLASH (869/9/95°). 


Error Estimates 


The theoretical results are fairly sensitive to variations in 
the measured tissue characteristics. To illustrate the influence 
of these variations, we can adjust all the tissue parameters 
for hyaline cartilage and synovial fluid by one standard devia- 
tion to effect signal changes for these tissues in opposite 
directions: decreasing T1 and increasing T2 and rho for 
hyaline cartilage, increasing T1 and decreasing T2 and rho 
for synovial fluid. The optimal S/N for a FLASH sequence is 
then obtained with 45/9/9°; the S/N would be 49% greater 
than for a (previously optimal) 22/9/7° sequence. The optimal 
S/N for a GRASS sequence is then obtained with 9/18/16°: 
the S/N would be 37% greater than for a (previously optimal) 
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Fig. 7.—Contrast analysis, long TR (multiplanar). 


A, Illustration of TR dependence of positive (TE = 17 msec, flip angle = 16°, solid squares) and negative contrast (TE = 9 msec, alpha = 73°, open 
squares) with long TR acquisitions. Long TR techniques are relatively insensitive to changes in TR. Optimal TR is indicated by vertical bar. 

B, Analysis of flip-angle (alpha) dependence of positive (solid squares) and negative (open squares) contrast with long TR acquisitions. Positive- 
contrast (400/17) maxima are more sensitive to changes in flip angle than are negative-contrast (400/9) maxima. Optimal flip angles are indicated by 


vertical bars. 
Contrast-to-noise ratio (C/N) is in arbitrary units. 





Fig. 8.—Axial GRASS image (400/23/18°, four excitations, imaging time 
= 6 min 51 sec) through patellofemoral joint. Synovial fluid is hyperintense 
relative to patellar cartilage, providing an arthrographic effect. 


9/18/14° sequence. By using the same adjusted tissue char- 
acteristics, the optimal C/N for a FLASH sequence is obtained 
with 19/9/15°; the C/N would be 2.6% greater than for a 
(previously optimal) 23/9/20° sequence. The optimal C/N for 
a GRASS sequence is obtained with 9/326/57°; the C/N 
would be 3.3% greater than for a (previously optimal) 9/433/ 
75° sequence. 


Discussion 


The patellofemoral joint was selected for study because of 
its accessibility to imaging and the large size of the patellar 
cartilage. Attention has been given to the bilaminar appear- 
ance of the patellar cartilage as depicted on T1- or proton- 
density-weighted images [8, 9], with hypointensity noted in 
the basal zone. These zones were not uniformly or discretely 
defined in our subjects. 

Limitations to an analytic optimization result largely from 
inaccuracies in T1, T2, and rho determinations. In the study 
of cartilage and synovial fluid, the small volume of these 
tissues poses problems of sampling error due to volume 
averaging. While our region-of-interest measurements were 
sufficiently small to isolate tissues of interest within each 
image, volume averaging in the slice-thickness (4-mm) dimen- 
sion probably accounts for some measurement variability. 
Perhaps more important, problems optimizing MR scan tech- 
niques may also result from physiologic and intersubject 
variations in tissue characteristics. Despite these limitations, 
some generalizations about tissue characteristics are neces- 
sary to clarify the choice of imaging parameters and to facili- 
tate a greater understanding of particular imaging strategies. 

An analysis of the optimization results is directed by two 
major considerations. First, clinical imaging at long TE values 
is limited by dephasing due to susceptibility effects and field 
inhomogeneities, although C/N may be enhanced for specific 
tissues. Second, clinical imaging is regularly performed with 
multiplanar acquisitions. On this basis, long TR scans afford 
sizable advantages in overall S/N and C/N as compared with 
single-slice techniques, but greater susceptibility to motion 
artifact can compromise this theoretical advantage to some 
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degree. At longer TRs (>250 msec), FLASH and GRASS are 
essentially equivalent. 

The indications for 3-D imaging are generally distinct from 
those for conventional techniques; that is, applications requir- 
ing thin contiguous slices and large numbers of slices (gen- 
erally, 32 or more). Thus, our comparison of 2-D and 3-D 
imaging results is somewhat artificial. Volume imaging bene- 
fits from greater signal averaging due to phase encoding in a 
second (slice-selection) dimension, giving it an intrinsic advan- 
tage in S/N. This advantage becomes more pronounced with 
larger numbers of slices, although in reality, this advantage is 
generally offset by thinner slice thicknesses. The optimal scan 
parameters for 3-D imaging would be the same as for single- 
slice imaging. 

In the short TR case, GRASS offers 15% greater S/N than 
does FLASH. IF the minimal TR is 35 msec (as with presatu- 
ration), then the S/N for GRASS is 13% greater than that for 
the FLASH sequence. S/N for a multislice acquisition with a 
TR of 400 msec will be 2.9 times that of the single-slice 
acquisition with a TR of 18 msec. 

Optimal negative contrast occurs for FLASH at minimal TE 
and short TR values (23/9/20°) if only TE values less than 24 
msec are considered. Optimal contrast for GRASS occurs at 
the minimum TE and TR (18/9/32°). This short TR maximum 
is a positive-contrast maximum, but at a short TE. This 
maximum for GRASS no longer exists if options are used that 
lengthen the minimal TR (e.g., to 35 msec with presaturation). 
C/N for a 35/9/35° GRASS sequence is only 41% of that for 
a sequence with a TR of 18 msec. Hence, for optimal C/N, 
FLASH is preferred for 3-D or single-slice imaging if presatu- 
ration is use. 

If the minimum achievable TR becomes longer (i.e., 35 
msec), a long TR/short TE sequence (433/9/75°) becomes 
the globally optimal technique (negative contrast). If the mul- 
tiplanar acquisition is considered, then the overall C/N for this 
scan is 2.4 times that of the 18/9/32° sequence. If positive 
contrast is desired in the multiplanar case, longer TEs can be 
used, although slice coverage and S/N will be less than for 
the negative-contrast multiplanar technique. 

In summary, optimal S/N from both cartilage and synovial 
fluid may be desirable for assessment of low-signal intraartic- 
ular structures such as fibrocartilaginous labra and menisci. 
For this purpose, the optimal multiplanar GRE acquisition 
would have a minimal TE and intermediate flip angle (e.g., 
400/9/30°). For a single-slice or 3-D acquisition, GRASS (18- 
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35/9/14-15°) would be superior to FLASH. Evaluation of 
intrinsic cartilage lesions may be facilitated by optimizing C/N 
between synovial fluid and hyaline cartilage. The optimal 
multiplanar acquisition for this purpose would have a minimal 
TE and a large flip angle (e.g., 400/9/73°). This sequence 
would have a 1T1-weighted appearance with synovial fluid 
hypointense relative to hyaline cartilage. If an arthrographic 
effect is desired (i.e., with synovial fluid hyperintense relative 
to hyaline cartilage), a longer-TE multislice GRE sequence 
may be used (e.g., 400/17-23/16-18°). Alternatively, if a 
single-slice or 3-D positive-contrast technique is desired, a 
minimal-TR, minimal-TE, intermediate-flip-angle GRASS se- 
quence is best (e.g., 18/9/32°). However, the short TR re- 
quired in this case precludes the use of scanning options 
such as presaturation. 

The ultimate utility of specific GRE sequences will depend 
on more than singular contrast considerations. We hope, 
however, that a greater knowledge of GRE contrast behavior 
with respect to articular tissues will objectify the application 
of various imaging schemes. 
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Book Review 





Radiologic and Histologic Pathology of Nontumorous Diseases of Bones and Joints, vols. 1 and 2. By James 
W. Milgram. Northbrook, IL: Northbrook Publishing, 1382 pp., 1990. $395 


This book is a wonderful addition to the medical literature. Before 
its publication, the lack of texts on radiologic-pathologic correlation 
of nontumorous diseases of bones and joints was conspicuous. 
Paradoxically, many excellent texts are available on the radiologic- 
pathologic correlation of bone tumors, even though nontumorous 
diseases of bones and joints are much more common. 

As the author states, the purpose of the book is to thoroughly 
review the gross and microscopic morphologic abnormalities encoun- 
tered in nonneoplastic disease states that affect the bones and joints. 
Each chapter begins with a succinct description of the clinical mani- 
festations of the condition being discussed; this is followed by an 
explanation of the associated radiologic and pathologic findings. A 
reference list gives the classic articles on the subjects discussed. 
This text portion of the chapter is short, typically four or five pages. 
The remainder, and majority, of the chapter follows, with abundant 
illustrations of pathologic specimens (including histologic findings, 
macroscopic sections, and gross specimens), drawings, and correl- 
ative specimen and in vivo radiographs. From the perspective of a 
nonpathologist, | have never understood how microscopic pathology 
could be learned from a textbook by looking at histologic findings in 
black and white, rather than in color. Fortunately, this is not an issue 
in this book, as most of the exquisite pathologic images are printed 
in color. 

The text is divided into nine major sections: “Normal Bone and 
Joints”; “Constitutional Diseases of the Bone”; “Traumatic Conditions 
of Bones and Joints”; “Conditions That Affect Primarily the Joints”; 
“Hormonal, Vitamin, and Metabolic Imbalance Affecting the Bones’; 
“Circulatory, Neurogenic, and Other Imbalances Affecting the Bones’; 
“Osteonecrosis”; “Organism Related Inflammatory Disorders of 
Bones and Joints”; “The Reaction of the Skeletal System to Implanted 
Materials.” In turn, each section is subdivided into three to 10 chap- 
ters. For example, the section on normal bones and joints has logically 
arranged chapters entitled “Adult Bone Structure,” “The Vascular 
Supply of the Adult Skeleton,” “The Structure of Adult Joints,” “Fetal 
Development of the Skeleton,” and “Growth of the Skeleton.” This 


section alone is a valuable primer for anyone interested in musculo- 
skeletal diseases. Section 3 on traumatic conditions of bones and 
joints is also especially educational. 

The textbook is not encyclopedic, but it does address most of the 
important nontumorous diseases of bones and joints. The text is well 
written and exceedingly informative. However, it does have some 
weaknesses. Many images are not oriented anatomically. It is annoy- 
ing to have the spine, femur, or forearm oriented on the page 
horizontally rather than vertically. Furthermore, the same page may 
have inconsistent orientations (e.g., the spine is horizontal in one 
illustration and vertical in another). This orientation problem occurs 
with photographs of macroscopic specimens, specimen radiographs, 
and in vivo radiographs. Another weakness is the total reliance on 
plain radiographs for radiologic correlation, ignoring scintigrams, an- 
giograms, CT scans, and MR images. As minor criticisms, some 
topics (such as Ollier disease) that are included might be more 
appropriately considered tumors. Although most of the classic articles 
are included in the reference lists, few references published between 
1980 and 1985 and essentially none published thereafter are. Finally, 
the cost of the book ($395) is significant. 

This textbook will be a valuable reference for all physicians inter- 
ested in musculoskeletal diseases: orthopedic surgeons, patholo- 
gists, radiologists, and rheumatologists. No other single reference 
could substitute for this book. | was somewhat concerned about the 
durability of the binding, but perhaps this can be explained by the 
frequency with which the book is opened and closed, as | eagerly 
read from one chapter to the next. This book fills a large gap in the 
musculoskeletal library, and despite its significant cost, it is a bargain 
because it contains a wealth of knowledge and countless beautiful 
illustrations. 
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Full-Thickness Tears of the 


Rotator Cuff of the Shoulder: 
Diagnosis with MR Imaging 





The purpose of this study was to describe MR findings in full-thickness tears of the 
rotator cuff. Of 102 shoulders examined by MR imaging, 31 were found to have a full- 
thickness tendon tear at arthroscopy/bursoscopy (five shoulders) or open surgery (26 
shoulders). All shoulders were imaged in oblique coronal and axial planes. MR images 
of the 102 shoulders were evaluated for (1) the presence of fluid in the subacromial and 
subdeltoid bursae; (2) abnormal signal of the supraspinatus, subscapularis, infraspina- 
tus, and teres minor tendons; (3) interruption of tendon continuity and thinning of the 
tendon; and (4) proximal retraction of the junction of the muscle and tendon. The 
presence or absence of each finding was determined by consensus of two radiologists, 
who interpreted the images without knowledge of the surgical findings. Results in those 
31 shoulders with proved full-thickness tears were: fluid in the subacromial bursae (29 
shoulders), interruption of tendinous continuity (22 shoulders), focally increased signal 
of the tendon equivalent to that of water (27 shoulders), and musculotendinous retraction 
(24 shoulders). The finding of subacromial fluid was a sensitive indicator (93%) of a full- 
thickness tear, and interruption of tendinous continuity was a specific finding (96%) in 
diagnosing a full-thickness tear. 

Our experience shows interruption of tendon continuity is the most specific MR finding 
of full-thickness rotator cuff tears, while subacromial fluid is the most common finding. 
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MR imaging is an effective technique for evaluation of the rotator cuff [1-3], 
which is composed of the subscapularis, supraspinatus, infraspinatus, and teres 
minor tendons. The purpose of this study was to determine the MR findings that 
are associated with full-thickness rotator cuff tears. Correct diagnosis of this 
abnormality is important since these tears are frequently treated by open surgery 
[4], whereas rotator cuff impingement without a full-thickness tear is frequently 
treated by arthroscopic surgery [5, 6]. 


Materials and Methods 


The study population was selected from a group of patients who had MR imaging of the 
shoulder between January 1988 and September 1990. Arthroscopy or open surgery or both 
were performed in 112 of these patients. Individuals were excluded if surgery was performed 
prior to the MR scan, if the surgical findings were unclear about the condition of the rotator 
cuff or relative size of the tear, or if the surgery was performed more than 1 year after the 
MR examination. 

One hundred patients (102 shoulders) met our criteria. Of these, 31 shoulders in 30 patients 
(mean age, 56 years) had a full-thickness tear at arthroscopy/bursoscopy (five shoulders) or 
arthroscopy and open surgery (26 shoulders). The supraspinatus tendon was the sole tendon 
involved in 18 patients. Nine patients had a full-thickness tear of the supraspinatus tendon 
plus a full-thickness tear of the infraspinatus or teres minor tendon or both. The size of the 
27 full-thickness tears involving the supraspinatus tendon was recorded at surgery as small 
(<2 cm) in 10 patients and large (>2 cm) in 17 patients. Three patients (four shoulders) had 
a full-thickness tear of only the subscapularis tendon. 
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Fig. 1.—42-year-old woman with partial tear of rotator cuff, illustrating grade 2 signal pattern. 
A, Intermediate-weighted coronal MR image (1800/30) shows irregularity of supraspinatus tendon 


(arrowhead). 


B, T2-weighted MR image (1800/70) shows focal increased signal (arrow) of supraspinatus tendon 
that is less than full thickness of tendon. Intensity is same as that of joint fluid. 


Seventy-one shoulders did not have a full-thickness tear at surgery. 
Surgical description of the rotator cuff in these patients included 
normal cuff, tendinitis, tendon degeneration, and partial-thickness 
rotator cuff tear. 

MR examinations were performed on a 1.5-T superconducting 
magnet (Signa, General Electric, Milwaukee, WI) with either dual 
circular 5-in. (12.7-cm) coils in a Helmholtz configuration or with a 
dedicated 6.5-in. (16.5-cm) shoulder coil (Medical Advances Inc., 
Milwaukee, WI). All images were obtained in an oblique coronal plane 
along the axis of the supraspinatus tendon and in a true axial plane. 
For coronal sequences, we used a spin-echo technique with inter- 
mediate weighting (long TR and short TE) and T2 weighting (long TR 
and long TE). Imaging parameters were 1800-2000/30,80 (TR/TE), 
two acquisitions, and 5-mm slice thickness with 0.5-mm gap. For 
axial imaging, an intermediate-weighted and T2-weighted sequence 
was used: 2000/20,70, two acquisitions, and 4-mm slice thickness 
with 0.4-mm gap. All coronal and axial sequences had a 16-cm field 
of view with a 256 x 192 matrix, providing a spatial resolution of 
0.625 mm/pixel in the frequency-encoded direction and 0.833 mm/ 
pixel in the phase-encoded direction. 

All MR examinations were interpreted by two experienced radiol- 
ogists who had no knowledge of the patients’ diagnosis at surgery. 
The presence or absence of each of various MR findings was noted 
for the 102 shoulders for which a description of the rotator cuff was 
made at surgery. The radiologists recorded an impression of the 
rotator cuff as having a full-thickness tear or not having a full- 
thickness tear by using the following findings to aid in this assess- 
ment. 

The signal characteristics and morphology of the tendinous cuff 
were recorded. Signal patterns used to describe the rotator cuff on 
intermediate- and T2-weighted dual-echo images were: normal, or no 
detectable elevated signal intensity (grade 0); focal or diffuse in- 
creased signal intensity less than that of water or fat with T2 weighting 
(grade 1); tendon irregularity that was focal or less than the full 
thickness of the tendon, showing an increase in signal intensity that 
was equivalent to the signal intensity of water on T2 weighting (Fig. 
1) (grade 2); or an increase in the signal intensity of the tendon 
equivalent to the signal intensity of water on T2 weighting that 
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Fig. 2.—T2-weighted MR image (1800/70) 
shows tendinous fluid-filled gap (arrow) in 70- 
year-old man with large tear of supraspinatus ten- 
don. This figure illustrates the MR findings in pa- 
tients with tears larger than 2 cm. Note atrophy of 
supraspinatus muscle and retraction of musculo- 
tendinous junction (arrowhead). 


extended through the full thickness of the tendon and was at least 1 
cm long (grade 3). A grade 3 pattern was considered to represent 
fluid-filled discontinuity in the tendon. These grades are similar to a 
Classification described previously [3]. The supraspinatus tendon was 
evaluated for decreased thickness. This was defined as a thinned 
tendon or one measuring less than 3-4 mm in the distal one third of 
the tendon over a length of at least 1 cm. 

Retraction of the musculotendinous junction was noted. The mus- 
culotendinous junction was defined as the most distal point at which 
muscle could be identified along with tendinous fibers. For the supra- 
spinatus tendon, this point usually overlies the middle one third of 
the superior articular surface of the humeral head. Musculotendinous 
retraction of the supraspinatus was present when the musculotendi- 
nous junction was located more medial than the middle one third of 
the humeral head (see Fig. 2). 

Atrophy of the rotator cuff musculature was considered present 
when the supraspinatus muscle was diminished in size and contained 
abnormally large amounts of fat. 

The subacromial or subdeltoid bursa was described as containing 
fluid when the bursa contained signal intensity that equaled the signal 
intensity of joint fluid or water on intermediate- and T2-weighted 
sequences. 

Fat within the subdeltoid and subacromial bursae was considered 
to be obliterated when its signal intensity did not parallel the signal 
intensity of other adjacent fat on intermediate- and T2-weighted 
images. If signal intensity compatible with fat was present throughout 
the bursa (see Fig. 3), the peribursal fat was considered preserved. 


Statistical Methods 


The frequencies of each positive MR finding in shoulders with full- 
thickness tears at surgery and in shoulders without full-thickness 
tears at Surgery were compared. The chi-square test of independence 
was performed to explore an associaton between the presence of a 
positive MR finding and the presence of a full-thickness tear at 
surgery. The null hypothesis for each MR finding was that it was 
independent of the presence of a full-thickness tear. Sensitivity, 
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Fig. 3.—28-year-old man with tear of supraspinatus tendon smaller than 1 cm. 

A and B, Intermediate-weighted (1800/30) (A) and T2-weighted (1800/70) (B) coronal MR images show heterogeneous signal in supraspinatus tendon 
(arrow). Distal portion in B has increased signal intensity; however, full-thickness focus of signal intensity equivalent to that of water is not seen. 

C, T2-weighted axial image (2000/70). Tendon contains focus of increased signal through full thickness of tendon anteriorly. Findings are compatible 
with anterior supraspinatus tendon tear near its junction with subscapularis (arrowhead). 


specificity, and accuracy were calculated for findings in which the null 
hypothesis was rejected (Supports statistically significant association 
between the MR finding and a full-thickness tear at surgery). When 
sample sizes were small, Fisher's exact test was used to determine 
Statistically significant associations. Confidence intervals of 95% were 
determined for the reported accuracy values [7]. 


Results 


Of the 31 shoulders with a full-thickness tendon tear, 27 
had focal signal intensity equivalent to that of joint fluid on 
T2-weighted images (grades 2 and 3), 22 had frank disconti- 
nuity of the tendon (grade 3), 26 had thinning of the tendinous 
cuff, 18 had muscular atrophy, 24 had musculotendinous 
retraction, and 29 had fluid in the subacromial bursa. 

When only full-thickness tears involving the supraspinatus 
tendon are considered (27 shoulders), 24 had focal signal 
intensity equivalent to that of joint fluid on T2-weighted im- 
ages (grades 2 and 3), 19 had grade 3 signal or discontinuity 


of the tendon, 23 had thinning of the tendinous cuff, 16 had 
muscular atrophy, 21 had musculotendinous retraction, and 
25 had fluid in the subacromial bursa. 

MR findings in the 71 shoulders without a full-thickness 
tear revealed 16 with focal signal intensity equivalent to that 
of joint fluid on T2-weighted images (grades 2 and 3), three 
with discontinuity of the tendon, eight with thinning of the 
tendinous cuff, two with muscular atrophy, six with muscu- 
lotendinous retraction, and 18 with fluid in the subacromial 
bursa. Table 1 gives the efficacy of the MR findings listed in 
this article for distinguishing the 27 shoulders with full-thick- 
ness supraspinatus tendon tears from the 71 shoulders not 
found to have a full-thickness rotator cuff tear. The four 
shoulders with an isolated tear of the subscapularis tendon 
were excluded from the data in the table since the number of 
shoulders with this solitary tendon tear was too small for valid 
Statistical analysis. Table 1 shows that the most specific 
indicator of a rotator cuff tear was atrophy of the supraspi- 
natus muscle (97%). The most sensitive indicator of a rotator 


TABLE 1: Efficacy of MR Findings in Predicting Full-Thickness Tears of the Supraspinatus Tendon 





—" Sensitivity Specificity 

MR Findings (%) (%) 

Grade 3, T2-weighted images 70 96 
Grades 2 and 3, T2-weighted 

images 89 if 

Thinning 85 89 

Retraction 78 92 

Atrophy 60 97 

Bursal fluid 93 75 


Accuracy 95% Confidence 





PPV NPV (%) inn 
0.86 0.89 89 82-96 
0.60 0.95 81 73-89 
0.74 0.94 88 81-95 
0.78 0.92 88 81-95 
0.89 0.86 87 80-94 
0.58 0.96 80 72-88 





Note.—n = 98. The four patients with a full-thickness tear involving only the subscapularis tendon were excluded from this analysis of the supraspinatus tendon. 
Grade 3 = increased signal intensity equal to that of water extending through the full width of the tendon and at least 1 cm in length; grade 2 = focally increased 
signal intensity equal to that of water but comprising less than the full width of the tendon. All values are highly statistically significant to the p < .0001 level as 
determined by chi-square analysis for independence. A confidence interval of 95% is calculated for accuracy. PPV = positive predictive value; NPV = negative 
predictive value. 


350 PARLEY ET AL. 





Fig. 4.—Intermediate-weighted coronal image 
(1800/30) shows high-signal peribursal fat stripe 
(arrow) in 27-year-old man with normal rotator cuff 
at surgery. This figure illustrates preserved peri- 
bursal fat stripe. Fat is isointense with other sur- 
rounding fat. 


cuff tear was the presence of fluid in the subacromial bursa. 
The most accurate sign of a full-thickness rotator cuff tear 
was the presence of a tendinous gap (grade 3 signal) on T2- 
weighted images (89%). Figure 2 is an example of a supra- 
spinatus tendon tear larger than 2 cm. This figure illustrates 
interruption in continuity of the supraspinatus tendon, retrac- 
tion of the musculotendinous junction, atrophy of supraspi- 
natus muscle, and fluid in the subacromial bursa. 

The 10 full-thickness supraspinatus tendon tears smaller 
than 2 cm (see Fig. 4) were analyzed separately. MR findings 
in these 10 patients revealed seven with focal signal intensity 
equivalent to that of joint fluid on T2-weighted images (grades 
2 and 3), four with grade 3 signal or discontinuity of the 
tendon, seven with thinning of the tendinous cuff, three with 
muscular atrophy, six with musculotendinous retraction, and 
nine with fluid in the subacromial bursae. Table 2 gives the 
efficacy of each listed MR finding for distinguishing the shoul- 
ders with full-thickness supraspinatus tendon tears smaller 
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Fig. 5.—MR images in 42-year-old man with prior posterior dislocation of shoulder illustrate MR 
findings in full-thickness tear of subscapularis tendon. 

A, Intermediate-weighted axial image (2000/20) shows impacted fracture of humeral head ante- 
riorly (arrow). Subscapularis tendon is irregular and small. 

B, T2-weighted axial image (2000/70) shows torn subscapularis tendon (arrowhead). 


than 2 cm from the 71 shoulders without a full-thickness 
rotator cuff tear at surgery. 

When only the 27 patients with full-thickness supraspinatus 
tendon tears were analyzed, the presence of atrophy or 
retraction had a statistically significant association with a tear 
2 cm or larger. The presence of supraspinatus muscle atrophy 
or musculotendinous retraction had a positive predictive value 
of 81% (p < .02) for tears 2 cm or larger. The presence of 
subacromial fluid, tendinous thinning, and grade 2 or 3 signal 
intensity did not show any statistical association with the size 
of the rotator cuff tear. 

Obliteration of the subacromial/subdeltoid fat stripe was 
seen in all 31 shoulders with a full-thickness rotator cuff tear 
and in 63 shoulders without a full-thickness tear. No statisti- 
Cally significant association was found between obliteration 
of the fat stripe and the diagnosis of a full-thickness tear at 
surgery. A preserved peribursal fat stripe, seen in eight shoul- 
ders, had a statistically significant association (p < .02, by 


TABLE 2: Efficacy of MR Findings in Predicting Full-Thickness Tears of the Supraspinatus Tendon Smaller Than 2 cm 





— Sensitivity Specificity 

MR Findings (%) (%) 

Grade 3, T2-weighted images 40 96 
Grades 2 and 3, T2-weighted 

images 70 i? 

Thinning 70 89 

Retraction 60 92 

Atrophy 30 97 

Bursal fluid 90 15 


á i Level of 
Accuracy la oer Statistical 

(%) (%) Significance 
(p)* 

89 82-96 01 

77 67-87 .005 

86 78-94 .0002 

88 80-96 .0004 

89 82-96 01 

77 67-87 .0001 





Note.—n = 81. The four patients with a full-thickness tear involving only the subscapularis tendon and the 17 patients with supraspinatus tendon tears larger 
than 2 cm were excluded from this analysis of the supraspinatus tendon. Grade 3 = increased signal intensity equal to that of water extending through the full 
thickness of the tendon and at least 1 cm in length; grade 2 = focally increased signal intensity equal to that of water but comprising less than the full width of the 


tendon. A confidence interval of 95% is calculated for accuracy. 
* By Fisher's exact test, a highly statistically significant association existed. 
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Fisher's exact test) with 38 rotator cuffs described as normal 
at surgery. 

The radiologists’ positive impression of a full rotator cuff 
tear showed a highly statistically significant association with 
a full tear. The radiologists’ calculated accuracy was 86% 
(95% confidence interval = 79-93%) in diagnosing all full- 
thickness tears of the rotator cuff. 

Review of the two cases in which the radiologists made a 
false-negative diagnosis of a full-thickness tear revealed one 
tear involving the subscapularis tendon in a patient with 
instability and one small horizontal tear of the supraspinatus 
tendon. In retrospect, the tear of the supraspinatus tendon 
that was smaller than 1 cm could be visualized on T2- 
weighted axial images of the cuff anteriorly (Fig. 4). Three 
other subscapularis tendon tears were correctly identified. 
The full-thickness subscapularis tendon tears were frequently 
(three shoulders) associated with a history of a posterior 
dislocation and with a reverse Hill-Sachs defect or a trough- 
line fracture, as seen in Figure 5. 


Discussion 


MR findings used in diagnosing rotator cuff impingement 
and tears have been described in several reports [1-3, 8-11]. 
We specifically determined MR findings in patients with full- 
thickness tears at surgery. It is important to differentiate full- 
thickness from partial-thickness tears because treatment is 
different. Partial-thickness tears, unlike full-thickness tears, 
are frequently managed conservatively or by arthroscopic 
surgery. 

Solitary analysis of the signal intensity of a rotator cuff 
tendon should be undertaken with some caution since the 
rotator cuff is affected by a multitude of disease processes, 
which alone may alter its signal intensity. Several investiga- 
tions have found T2-weighted images to be the most useful 
in diagnosing rotator cuff tears [1, 3, 10, 11]. Our study also 
found this to be the case, particularly when a fluid-filled 
tendinous gap was demonstrated (grade 3 signal), which had 
a diagnostic accuracy of 89%. Intermediate- and T2-weighted 
images are also useful for discriminating fluid in the subacro- 
mial bursa, the most common sign of a full-thickness rotator 
cuff tear. It is important to note that fluid in the subacromial 
bursa was not as specific as other MR signs in this study for 
diagnosing a full-thickness tendon tear. Fluid in the subacro- 
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mial bursa may be a false-positive indicator of a full-thickness 
tear when the remaining MR findings described in this inves- 
tigation are unequivocally absent or normal. 

Atrophy of the supraspinatus muscle and supraspinatus 
musculotendinous retraction are important findings. These 
two findings not only had a statistically significant association 
with a full-thickness tear but also had a statistically significant 
association with a large tear of the tendon. This is important 
information for the referring surgeon, since a large tear may 
mean that more extensive or difficult surgery is required for 
treatment. 

Although preservation of the peribursal fat was a useful 
indicator that the rotator cuff was normal, it was not useful 
for diagnosing a full-thickness rotator cuff tear. 

Our experience shows that several MR findings of the 
shoulder are important in the diagnosis of full-thickness rota- 
tor cuff tears. 
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Book Review 





Errors in Chest Radiography. By Manuel Viamonte, Jr. New York: Springer-Verlag, 135 pp., 1991. $59, softcover 


This softcover book of 135 pages contains a brief text, a short 
bibliography, and an atlas of figures. Its focus is errors in the inter- 
pretation of chest radiographs. The author describes many types of 
problems that can contribute to incorrect diagnoses. A description of 
pitfalls in interpretation that are due to improper radiographic tech- 
nique, supported by examples in the atlas, is balanced by a recom- 
mendation for optimizing proper techniques. Errors of observation 
(“omission”) are described, and examples are presented, with refer- 
ence to problem-probe areas, such as pulmonary abnormalities that 
may be camouflaged by normal overlying anatomic structures. A 
systematic method of interpretation that helps avoid these omissions 
is outlined. The author also describes “errors of commission,” mis- 
takes in diagnosis that occur because of a failure to recognize and 
understand anatomic alterations, such as the false-positive 
overinterpretation of “pseudoinfiltrates,” which in reality are crowded 
vascular structures in areas of pulmonary hypoventilation. The opinion 
that inadequate clinical information may lead to erroneous interpre- 
tations is briefly presented. 

The atlas contains figures of radiographs and anatomic specimens 
that are, for the most part, small and difficult to see. A few do not 
show the pathologic changes described, at least one figure is printed 
backward, and typographic errors are scattered throughout. The 


cases that are presented are an interesting collection of pulmonary 
abnormalities that show the pitfalls described in the text. 

This book can be read easily in 1 or 2 hr. The appropriate audience 
is probably nonradiologists who wish to learn of the difficulties and 
limitations of chest film interpretation, medical students, or first-year 
radiology residents who are beginning the practice of diagnostic 
radiology. More comprehensive tests that consider the subject of 
errors in interpretation are available, such as Error and Variation in 
Diagnostic Radiology, by Marcus J. Smith (Thomas, 1967), and a 
body of scientific literature devoted to the study of misdiagnosis 
exists that is not mentioned in this book. The subjects of time of 
search, pattern recognition, physiologic pathways of visual and cog- 
nitive association, and other related subjects are not mentioned. 

In summary, this brief review of errors in chest radiology serves 
as an introduction to the problem for the relatively uninitiated. It 
probably would not be of any great benefit to those already actively 
involved in the practice of general diagnostic radiology. 


Philip N. Cascade 
University of Michigan Hospital 
Ann Arbor, MI 48109-0326 
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Pictorial Essay 





Thoracic Complications of Extracorporeal Membrane 
Oxygenation: Findings on Chest Radiographs and 


Sonograms 


George W. Gross,’ James Cullen,” Michael S. Kornhauser,” and Philip J. Wolfson? 


Neonates treated with extracorporeal membrane oxygenation 
(ECMO) for respiratory failure have a high frequency of compli- 
cations related to systemic anticoagulation, ECMO and other life- 
support lines and catheters, and the antecedent pulmonary dis- 
ease. Many of these complications involve the thorax and can be 
defined on chest radiographs or thoracic sonograms. The pur- 
pose of this essay is to illustrate the findings of the various 
thoracic complications of ECMO on chest radiographs and sono- 
grams. This study is based on a review of the medical records 
and findings on chest radiographs and sonograms of 150 neo- 
nates who were treated with ECMO at our institution. 


Extracorporeal membrane oxygenation (ECMO) is a form 
of temporary heart-lung bypass therapy that can be used to 
support a neonate who has severe cardiac and/or respiratory 
failure and has not responded to maximal conventional ven- 
tilatory support and medical treatment. 

Severe respiratory failure caused by any of the following 
diseases could qualify a neonate for ECMO: primary pulmo- 
nary hypertension; meconium aspiration syndrome; congeni- 
tal diaphragmatic hernia, before or after repair, usually with 
associated persistent fetal circulation; respiratory distress 
syndrome in an infant of greater than 34 weeks’ gestational 
age; and neonatal pneumonia without or with sepsis. ECMO 
is not applicable to the very premature infant with respiratory 
distress syndrome, primarily because of the increased risk of 
intracranial hemorrhage. 


ECMO Technique and Findings on Routine Chest 
Radiographs 


At the start of ECMO, catheters are placed via the right 
side of the neck into the jugular vein and carotid artery. 
Desaturated blood is removed from the patient via the cath- 
eter in the jugular vein, then passed through the ECMO 
apparatus, which includes a membrane oxygenator, and re- 
turned to the patient through the catheter in the carotid artery. 
With progressive healing of the primary lung disease, the 
percentage of cardiac output diverted to ECMO bypass is 
progressively decreased. After a successful trial period of 
minimal bypass, ECMO is discontinued (with removal of both 
catheters). Systemic anticoagulation is then discontinued. 

All neonates treated with ECMO have an endotracheal tube 
in place throughout their course of therapy (Fig. 1). Mechanical 
ventilation is reduced to the minimum levels permitted by the 
severity of the underlying lung disease and the ECMO flow 
used. 

An 8- to 10-French catheter is placed in the right common 
carotid artery, with its tip positioned in the aortic arch at the 
origin of the innominate artery, to provide a route for oxygen- 
ated blood returning from the ECMO membrane oxygenator. 
The catheter in the carotid artery is sufficiently opaque to be 
identified on the ECMO chest radiograph (Fig. 1). The position 
of its tip can be estimated with reasonable accuracy from the 
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Fig. 3.—Migration of carotid artery catheter 
into unsatisfactory position. Chest radiograph 
shows tip of catheter (arrowhead), which was 
positioned initially in aortic arch, has migrated 
cephalad. It is probably situated at base of right 
common carotid artery. Catheter was subse- 
quently repositioned to aortic arch. 





Fig. 6.—Pneumothorax developing during ex- 
tracorporeal membrane oxygenation (ECMO). 
Radiograph shows right-sided tension pneumo- 
thorax, which developed suddenly on day 4 of 
ECMO. Frequently present before ECMO is 
started, pneumothoraces usually resolve rapidly 
during ECMO. 


Fig. 4.—Malposition of catheter in jugular 
vein. Chest radiograph obtained after extracor- 
poreal membrane oxygenation was started 
shows tip (arrow) of catheter in jugular vein is 
situated near junction of superior vena cava and 
right atrium. Preferred position of catheter is in 
right atrium. 


Fig. 1.—Standard catheters and tubes used 
for extracorporeal membrane oxygenation: sat- 
isfactory position. Chest radiograph shows tip of 
endotracheal tube is satisfactorily positioned 
just below level of thoracic inlet. Best position is 
approximately halfway between clavicles and 
carina. Catheter in carotid artery has its tip (ar- 
rowhead) at level of aortic arch. Satisfactory 
location of tip of catheter in carotid artery is at 
level of aortic arch or ascending aorta. Oxygen- 
ated blood is returned to neonate via catheter in 
carotid artery. Catheter in jugular vein has its tip 
(arrow) in right atrium, the preferred location. 
Desaturated blood is removed from neonate via 
this catheter for reoxygenation in membrane 
oxygenator. 


Fig. 2.—Malposition of catheter in carotid ar- 
tery. Tip of catheter (arrowhead) was initially 
positioned in left ventricle and subsequently 
withdrawn to aortic arch. Chest radiograph 
shows left-sided tension pneumothorax associ- 
ated with placement of catheter for extracorpo- 
real membrane oxygenation. 





Fig. 5.—Migration of pleural chest tube. Radio- 
graph shows pleural chest tube (arrow), initially 
placed in satisfactory position, has migrated laterally 
into an unsatisfactory position in association with 
development of generalized edema. 





Fig. 7.—Pneumomediastinum during extra- 


corporeal membrane oxygenation (ECMO). 
Pneumomediastinum (arrows) was noted tran- 
siently and incidentally on radiograph during 
ECMO for meconium aspiration syndrome. No 
antecedent pneumothorax or pulmonary intersti- 
tial emphysema had been present, and no treat- 
ment was required. 


Fig. 8.—Pneumopericardium during extracor- 
poreal membrane oxygenation (ECMO). Radio- 
graph shows transient pneumopericardium as- 
sociated with cannulation for ECMO. It resolved 
spontaneously and required no treatment. 
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Fig. 9.—A, Pulmonary parenchymal cystic 
changes. Radiograph obtained before extracor- 
poreal membrane oxygenation (ECMO) was 
started shows small right-sided (arrowheads) 
and left-sided (arrows) cystic changes in lower 
lobes of lungs. 

B, Radiograph obtained during ECMO shows 
basilar cysts (arrowheads) increased in size, but 
did not rupture to produce a pneumothorax. In 
all other cases, parenchymal cysts or pulmonary 
interstitial emphysema noted before ECMO had 
resolved promptly with initiation of ECMO. 


Fig. 10.—A, Pleural effusion developing dur- 
ing extracorporeal membrane oxygenation. Ra- 
diograph shows complete opacification of right 
hemithorax and shift of mediastinum to left, re- 
flecting a large right-sided pleural effusion. Pa- 
tient had recent repair of a left-sided congenital 
diaphragmatic hernia, which probably contrib- 
uted to mediastinal shift. 

B, Sagittal sonogram of right-sided hemi- 
thorax confirms a large right-sided pleural effu- 
sion (arrows). 

C, Size of effusion and mediastinal shift war- 
ranted drainage of effusion. Radiograph ob- 
tained after placement of chest tube on right 
side shows mediastinal shift has decreased, as 
indicated by change in position of catheter in 
jugular vein (arrows). 

D, Tube removed from right side of chest. 
Partial reaeration of both lungs has occurred. 
Radiograph now shows a large right-sided 
pleural effusion (arrows). 


initial postcannulation chest radiograph. In 131 (87%) of 150 
patients, position of the catheter was initially satisfactory and 
remained so throughout ECMO. 

A 12- to 14-French catheter, used to provide a route of 
flow of desaturated blood from the patient to the membrane 
oxygenator, is placed in the right internal jugular vein. The 
desired position for the tip of this catheter is in the right 
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atrium. This catheter also is sufficiently opaque to be identified 
on the chest radiograph (Fig. 1), and location of its tip also 
can be estimated with reasonable accuracy. In 128 (85%) of 
150 patients, the position of the catheter in the jugular vein 
was initially satisfactory and remained so throughout ECMO. 

Catheters in the umbilical artery and vein are frequently 
used during ECMO and may be visible, in part, on the chest 
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Fig. 11.—A, Acute pulmonary hemorrhage associated with extracorporeal membrane oxygenation (ECMO). Radiograph obtained after repair of left- 
sided congenital diaphragmatic hernia, but before ECMO, shows right lung is clear. 

B, Radiograph shows that complete opacification of right lung occurred immediately after ECMO cannulation and was associated with blood emanating 
from endotracheal tube, indicating acute pulmonary hemorrhage. No mediastinal shift was present. Patient was being treated with anticoagulants. Arrows 
= catheter in jugular vein, arrowheads = catheter in carotid artery. 

C, Because of persistent pulmonary hemorrhage, patient was extubated and trachea was packed with gauze. Radiograph shows that continuing 
hemorrhage into right lung has caused mediastinum to shift to the left, indicated in part by leftward shift of catheters in jugular vein (arrows) and carotid 
artery (arrowheads). Pulmonary hemorrhage eventually subsided, allowing reintubation. 


Fig. 12.—A, Acute pleural hemorrhage 2 days 
after extracorporeal membrane oxygenation 
(ECMO) was started. Multiple bilateral chest 
tubes were placed to control pneumothoraces 
associated with severe respiratory distress syn- 
drome. Radiograph shows ECMO catheters and 
endotracheal tube are in good position. Note 
small left-sided pleural fluid collection (arrows). 

B, Radiograph shows complete pulmonary 
opacification, accompanied by mediastinal shift 
to right (as indicated by shift in position of ECMO 
catheters). Arrow = catheter in jugular vein, ar- 
rowhead = catheter in carotid artery. 

C, Transverse sonogram of left lower pleural 
space shows a complex pleural fluid collection 
(arrows) suggestive of organizing hematoma. 

D, One week later, radiograph shows near- 
normal reaeration of right lung, resolution of me- 
diastinal shift, but only partial clearing of left- 
sided hematoma. In our experience, pleural 
bleeding has been difficult to control and slow 
to clear. 
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radiograph. A significant minority of ECMO patients, espe- 
Cially those with pneumothorax complicating meconium as- 
piration syndrome or those who have had a congenital dia- 
phragmatic hernia repaired, will have one or more pleural 
chest tubes in place. 


Thoracic Complications of ECMO 


Thoracic complications of ECMO are relatively common 
and include malposition and migration of various tubes and 
catheters, various abnormal air collections, pleural effusions, 
and hemorrhages in the lung and pleural space. The clinical 
significance of these complications can vary from inconse- 
quential to life-threatening. Portable chest radiographs and 
occasionally thoracic sonograms are essential to identify and 
monitor the thoracic complications of ECMO. 
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Nineteen (13%) of our 150 patients had initial malposition 
(Fig. 2) or migration into an unsatisfactory position (Fig. 3) of 
the catheter in the carotid artery catheter. Twenty-two (15%) 
of our patients had initial malposition (Fig. 4) or migration into 
an unsatisfactory position of the catheter in the jugular vein. 
Although most pleural chest tubes remain in satisfactory 
position throughout ECMO, those in patients with severe 
soft-tissue edema are more likely to migrate into an unsatis- 
factory position (Fig. 5). Because the chest tubes are an- 
chored at the skin surface, increasing edema will progres- 
sively draw the tube away from the pleural space. 

Pneumothoraces are relatively common in neonates who 
meet the criteria for ECMO, usually are associated with 
meconium aspiration syndrome or repaired diaphragmatic 
hernia, and almost always have been treated with one or 
more pleural chest tubes. Considerably less common are 
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Fig. 13.—A, Hemopneumothorax associated with extracorporeal membrane oxygenation (ECMO). Complete opacification of left hemithorax accompanied 
by mediastinal shift to right seen on radiograph raise concern for acute pleural hemorrhage. 
B, Sagittal sonogram of left hemithorax shows a large left-sided pleural fluid collection with low-level echoes (arrows), representing a pleural 


hemorrhage. Arrowheads = collapsed lung. 


C, On chest radiograph, a left-sided hemopneumothorax (arrows) is now evident after thoracentesis. 
D, Radiograph shows enlargement of left-sided hemopneumothorax in spite of chest tube placement. Arrows = air within lower left pleural space, 


arrowheads = nasogastric tube. 


E, Several days later, thoracic sonogram shows that left-sided pleural fluid collection is smaller. Arrow = chest tube. 
F, Chest radiograph shows near-complete resolution of left-sided hemopneumothorax. ECMO has been stopped. 
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pneumothoraces that develop in association with ECMO can- 
nulation (four patients, 3%; Fig. 2) or spontaneously during 
ECMO (two patients, 1%; Fig. 6). 

A spontaneous pneumomediastinum developed during 
ECMO in one patient (Fig. 7). A transient pneumopericardium 
developed immediately after ECMO catheter placement in 
one patient (Fig. 8). One patient had bilateral, minimal cystic 
change in the pulmonary parenchyma before ECMO was 
begun that progressed during ECMO in spite of markedly 
reduced ventilatory pressure settings (Figs. 9A and 9B). The 
cystic changes eventually resolved after ECMO and assisted 
ventilation were stopped. Cystic changes in the pulmonary 
parenchyma that were present before ECMO in all other cases 
rapidly resolved once ECMO was instituted. 

Pleural effusions develop in most ECMO patients, seldom 
require specific therapy, and always resolve promptly once 


AJR:158, February 1992 


ECMO is discontinued. During the commonly observed phase 
of ECMO when the lungs are airless and completely opaque, 
identification of pleural effusions depends on sonography, 
unless mediastinal shift has occurred (Figs. 10A-10D). 

Limited pulmonary hemorrhage, in patients being treated 
with anticoagulants and ECMO, is probably a relatively com- 
mon occurrence, although it is difficult to document. We have 
had one case of massive pulmonary hemorrhage that required 
tracheal packing for control (Figs. 11A-11C). 

Limited pleural bleeding is probably relatively common but 
difficult to identify unless bloody fluid is drained from a pleural 
chest tube. We have had at least nine cases of clinically 
significant pleural hemorrhage. Although the chest radiograph 
may show evidence of mass effect with mediastinal shift, 
sonography is superior for documenting and following up 
acute pleural hemorrhages. (Figs. 12A-12D, 13A-13F). 
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Enlarged Amniotic Cavity: A New 
Sonographic Sign of Early Embryonic 
Death 





In the process of evaluating sonograms to determine the status of early gestations, it 
was noted that enlargement of the amniotic cavity appeared to correlate with embryonic 
death. This study tested that hypothesis by comparing the size of the amniotic cavity 
with the crown-rump length (CRL) and the size of the chorionic cavity in 25 normal 
gestations and 10 cases of embryonic death. Measurements included diameter of the 
amniotic cavity (Da), diameter of the chorionic cavity (D.), and CRL. Normal first-trimester 
embryos have distinct rates of growth for both chorionic and amniotic cavities. Least- 
squares linear regression of CRL on D, for normal embryos reveals D, = 1.1 x CRL — 
0.07 (r = .988, n = 25, p < 107°), indicating that Da and CRL are almost equal. An 
abnormal embryo, especially at 5-6 weeks’ gestation, will have an abnormally large 
amniotic cavity for its CRL and the size of its chorionic cavity. The CRL-D, difference of 
0.11 + 0.20 cm in normal embryos differed significantly from that difference of 0.86 + 
0.38 cm in abnormal embryos (p < 10~*); however, the chorionic cavity was still 
appropriate in size for the CRL. 

These results suggest that an amniotic cavity that is enlarged relative to the CRL and 
the size of the chorionic cavity is evidence of embryonic death. 
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A common reason to perform sonography early in pregnancy is to determine 
whether an embryo is alive in patients with threatened abortion. The findings are 
often equivocal because of the early stage of gestation. Although transvaginal 
sonography improves the detection of cardiac activity in small embryos, absence 
of such activity may be normal in embryos less than 4 mm long [1]. 

In an effort to find a more sensitive sonographic predictor of embryonic death, 
the author noted that a disproportionately large size of the amniotic cavity relative 
to the crown-rump length (CRL) correlated with an abnormal gestation. This 
investigation tested that hypothesis by comparing the diameter of the amniotic 
cavity (Da) with that of the surrounding chorionic cavity (D.) and CRL during the 
first trimester in 25 normal gestations and 10 abnormal gestations. 


Materials and Methods 


The 35 patients included in this study had transvaginal sonography during the first trimester 
of pregnancy. Sonography was performed with several different imaging systems: an Acuson 
128 (Mountain View, CA), ATL-UM4 (Bothell, WA), or Acoustic Imaging 5200 (Phoenix, AZ) 
unit with a 5.0- or 7.5-MHz vaginal probe. Indications for sonographic examination included 
confirming dates, checking developmental status, or ruling out ectopic pregnancy. 

The normal group consisted of 25 cases in which the pregnancy progressed at least into 
the second trimester or went on to elective abortion. Inclusion required presence of an 
embryo with cardiac activity and adequate sonographic measurements of both Da and D.. 
Before 6.5 weeks, when the amniotic cavity of normal embryos cannot easily be measured 
in three orthogonal planes, the D, was assumed to be equal to the CRL. 


360 HORROW 





The abnormal group consisted of 10 cases of missed abortions in 
which an embryo without cardiac activity was present and the am- 
niotic and chorionic cavities could be measured. The abnormality in 
each was confirmed by surgery, spontaneous abortion, or follow-up 
sonography. No embryos less than 4 mm long without cardiac activity 
that went on to the second trimester were encountered during this 
study. 

Measurements in all cases included the length, width, and height 
of the amniotic and chorionic cavities and the CRL. Increasing overall 
gain facilitated visualization of the amniotic cavity. All patients had 
Sagittal and coronal images in order to maximize the size of the 
amniotic and chorionic cavities. The length and height of each cavity 
were obtained from the sagittal view and the width from the coronal 
image (Fig. 1). Averages of the three measured dimensions were 
used as the Da and D.. Differences between the CRL and D, and the 
D. were determined by subtracting Da and D., respectively, from the 
CRL. Two-tailed unpaired Student’s t test compared these differ- 
ences between normal and abnormal gestations. Least-squares 
regression was used to analyze the relationships of Da and D. on 
CRL (p < .05 determined significance). 

Gestational age for normal and abnormal embryos was based on 
the CRL. For embryos less than 6.7 mm long, gestational age was 
determined by extrapolation of the curve of Robinson and Fleming 
[2]. 


Results 


The CRL for the 25 normal gestations ranged from 0.2 to 
3.4 cm, corresponding to gestational ages of 5.3-10.1 weeks. 
Measurements of the Da and D, in the normal gestations 
revealed distinct rates of linear growth. Least-squares regres- 
sion for D, on CRL reveals D, = 1.1 X CRL — 0.07 (r = .988, 
n = 25, p < 10°, Fig. 2) and for D. on CRL reveals D, = 1.07 
x CRL + 1.18 (r = .967,n = 25, p < 10°°, Fig. 3). Before 6.5 
weeks, the amniotic cavity is so closely applied to the embryo 
that the CRL is assumed to be equal to the Da. Once the 
amniotic cavity itself can be measured, the data show that 
the CRL and Da remain very similar. In addition, unlike the 
chorionic cavity, which can be distorted by the bladder, fi- 
broids, or Braxton Hicks contractions, the amniotic cavity is 
quite spherical. 

In the abnormal group, all 10 pregnancies displayed an 
abnormally large amniotic cavity for the size of the embryo 
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Fig. 1.—Comparison of normal and abnormal 
amniotic cavities in similar-sized embryos. 

A, Coronal sonogram of normal gestation with 
1.3-cm embryo and diameter of amniotic cavity 
(Da) equaling 1.4 cm. This type of view provides 
measurements of widths of amniotic (cursors) and 
chorionic (arrows) cavities used to calculate D, 
and diameter of chorionic cavity. Although am- 
niotic membrane is still quite close to the embryo, 
it can be imaged easily. Cardiac activity was 
present. 

B, Coronal sonogram of abnormal gestation with 
1.2-cm embryo and D, of 1.7 cm. Arrowheads de- 
note width of amniotic cavity. Arrows denote width 
of chorionic cavity. Amniotic membrane resides 
abnormally far from embryo. Cardiac activity was 
absent, confirming a failed pregnancy. 


and its chorionic cavity. All of these embryos died (Figs. 1B 
and 4). The CRL-D, difference in normal embryos of 0.11 + 
0.20 cm differed significantly from the difference in abnormal 
embryos of 0.86 + 0.38 cm (p < 107°, Fig. 2). 

Although the amniotic cavity unmistakenly appeared too 
large in the abnormal gestations, the chorionic cavity was still 
appropriate for the size of the embryo. The CRL-D, difference 
(Fig. 3) did not differ between normal embryos (1.29 + 0.27 
cm) and embryos that did not survive (1.53 + 0.46 cm, p = 
NS). 

One case of embryonic death at 5-6 weeks’ gestation had 
been studied twice, with a 1-week interval. The first study 
showed a 5.0-mm-long embryo with cardiac activity. Despite 
a CRL-D, difference (0.2 cm) within the range of normal, the 
amniotic membrane was distinct from the embryo and could 
be measured (Fig. 5A). Easy visualization of the amniotic 
membrane is abnormal in such an early gestation. One week 
later, the embryo had not grown. At this time, absent cardiac 
activity indicated the embryo had died. The chorionic cavity 
had not changed, but the amniotic cavity continued to grow 
(Fig. 5B), resulting in an abnormal CRL-D, difference of 
0.47 cm. 


Discussion 


Several sonographic findings permit differentiation of nor- 
mal from abnormal gestation cavities in cases of threatened 
abortion. Before an embryo is visible, characteristics such as 
cavity size, shape, and position can predict an abnormal 
pregnancy [3]. Absence of a yolk sac on transvaginal sonog- 
raphy, when the diameter of the gestation cavity is greater 
than or equal to 8 mm, indicates an embryo that will not 
survive [4]. 

When the embryo is visualized, lack of cardiac activity 
usually indicates death. However, recent reports of early 
embryos (CRL < 4 mm) document that absence of cardiac 
activity initially occurs in normal pregnancies [1, 5, 6]. Thus, 
in small embryos, lack of cardiac activity alone is not evidence 
of death. Furthermore, visualization of cardiac activity in 
slightly larger embryos can be variable. When conditions are 
optimal, a definitive diagnosis of embryonic death can be 
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Fig. 2.—Relationship of diameter of amniotic 
cavity (D,) to crown-rump length (CRL) in normal 
(solid circles) and abnormal (open circles) em- 
bryos. Least-squares regression, based on normal 
embryos only, reveals D, = 1.1 x CRL — 0.07 (r = 
.988, n = 25, p < 107°). 


Fig. 3.—Relationship of diameter of chorionic 
cavity (D.) to crown-rump length (CRL) in normal 
(solid circles) and abnormal (open circles) em- 
bryos. Least-squares regression, based on normal 
embryos only, reveals D, = 1.07 x CRL + 1.18 (r 
= .967, n = 25, p < 107°). 





Fig. 4.—Sagittal sonogram of a 3.5-mm-long 
embryo (arrows) without cardiac activity sur- 
rounded by enlarged amniotic cavity (arrow- 
heads). Sonographic follow-up confirmed this 
failed pregnancy. 


made if cardiac activity is absent in embryos 4 mm or longer. 
However, inexperience and technical limitations can lead to 
errors in measurement and observation of cardiac pulsations. 
It is useful to have other sonographic findings of embryonic 
death in early gestations; for example, absence or enlarge- 
ment of the yolk sac, with or without cardiac activity, predicts 
a poor outcome [1]. Similarly, bradycardia [7] and oligohy- 
dramnios [8] in the embryonic period predict that a pregnancy 
will fail. 

The results of this study suggest that an enlarged amniotic 
cavity predicts embryonic death. The amniotic cavity with its 
surrounding membrane lies within the chorionic cavity (Fig. 
1). Although both of these cavities grow, the amniotic cavity 
enlarges faster than the chorionic cavity [9]. Eventually they 
fuse to become the amniochorionic membrane at 16-17 
weeks [10]. Whereas the amniotic and chorionic cavities both 
grow proportionally in normal gestations, this relationship 
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Fig. 5.—A, Sagittal sonogram of a 5.0-mm-long embryo with normal cardiac activity. Amnion 
(arrows) is distinct from embryo. Typically at this stage, amnion is not easily visualized. 

B, Transverse sonogram 1 week later shows further enlargement of amniotic cavity (arrows) 
despite stable chorionic cavity (arrowheads). Crown-rump length was unchanged, but cardiac activity 
was absent, indicating embryonic death. 


does not hold in abnormal gestations. The data from this 
study demonstrate that the CRL and the chorionic cavity still 
have an appropriate relationship, while the amniotic cavity is 
comparatively too large. Statistical analysis shows that all 
abnormal cases lie well above the tightly fitting regression line 
for D, vs CRL of normal cases (Fig. 2). However, the abnormal 
cases are distributed well within the variation of normal cho- 
rionic cavity vs CRL in Figure 3. One could compare the D. 
and D, with each other instead of comparing each with CRL. 
However, comparison of each with CRL is more acceptable, 
more familiar, and more readily amenable to statistical analy- 
sis. Furthermore, the striking visual finding is the enlargement 
of the amniotic cavity with respect to the embryo rather than 
to the chorionic cavity. Indeed, measurements merely confirm 
this visual perception. 

Before 6.5 weeks, the amniotic membrane is so close to 
the embryo that the amniotic cavity around the entire embryo 
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is not easily seen. The assumption, at this stage, that the Da 
is equal to the CRL is based on the sonograms as well as 
photographs of embryos and their surrounding membranes 
[11]. Indeed, the results of this study show that this relation- 
ship between D, and CRL holds throughout the embryonic 
period. The regression analysis of data in normal embryos 
shows that D, and CRL are nearly equal. 

This study does not address the cause of the enlarged 
amniotic cavity or its frequency in all cases of embryonic 
death. Although one case in this analysis suggests that en- 
largement of the amniotic cavity may predate embryonic 
death, this investigation made no attempt to determine the 
earliest appearance of this abnormality. In addition, although 
the specificity of an abnormal amniotic cavity as a predictor 
of embryonic death would appear to be 100% from these 
data, the small number of abnormal patients allows the author 
to claim a specificity of only 74% or more with 95% confidence 
[12]. Thus, until a larger sample permits more accurate de- 
termination of specificity, a follow-up sonogram should be 
obtained when the embryo is less than 4 mm long. An 
enlarged amniotic cavity in any embryo with cardiac activity 
also merits a follow-up study. 

Whereas in embryos 4 mm in length or longer, the absence 
of cardiac activity is the preeminent finding of death, such is 
not necessarily the case in smaller embryos. In tiny embryos, 
the enlarged amniotic cavity sign suggests embryonic death, 
mandating sonographic follow-up. The enlarged amniotic cav- 
ity appears to confirm death in larger embryos with absent 
cardiac activity. 
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Congenital Disorders of Sexual Differentiation: MR Findings 


John Gambino,’ Brooke Caldwell,’ Rosalind Dietrich,’ Irwin Walot,' and Hooshang Kangarloo* 


A broad spectrum of anomalies of sexual differentiation may 
exist at birth. These include male and female pseudohermaph- 
roditism, gonadal dysgenesis, and true hermaphroditism. When 
ambiguous genitalia are present, expedient identification of the 
anomaly is required for proper gender assignment and appropri- 
ate surgical or hormonal correction. As the appearance of the 
external genitalia often is not distinctive enough to make a spe- 
cific diagnosis, this must be accomplished by clinical findings 
along with a combination of cytogenetic, biochemical, and radio- 
logic studies. Because the causes of abnormal sexual differentia- 
tion are diverse and often exhibit incomplete expression, they 
produce much anatomic variability. Sonographic and radiographic 
studies are often used initially to evaluate such conditions. The 
noninvasive multiplanar nature of MR imaging makes it a useful 
alternative method with which to characterize the abnormal anat- 
omy in this group of disorders, as we illustrate in this pictorial 
essay. 


Male Pseudohermaphroditism 


Male pseudohermaphrodites all possess testes yet exhibit 
incomplete virilization of the genital ducts and/or external 
genitalia. The MR findings depend on the underlying defect. 
Causes of male pseudohermaphroditism include inability of 
the testes to respond to gonadotropins, congenital errors of 
testosterone biosynthesis, failure of target tissues to convert 
testosterone to dihydrotestosterone, and insensitivity of tar- 
get tissues to androgens [1]. 


Complete androgen insensitivity (testicular feminization) is 
an X-linked recessive disorder in which the absence of cyto- 
plasmic testosterone receptors prevents specific gene acti- 
vation and subsequent differentiation of the external genitalia 
[2]. In this disorder, the external genitalia are completely 
feminized, while in the other forms of male pseudohermaph- 
roditism various degrees of virilization occur [1]. The absence 
of internal female genital tract structures reflects the synthesis 
of active mullerian regression factor by the testes, which may 
be maldescended [3]. 

Multiplanar MR images will confirm the absence of a uterus 
and demonstrate intraabdominal or inguinal testes (Figs. 1 
and 2). As both testes and noncystic, immature ovaries have 
medium signal intensity on T1-weighted images (e.g., 500/28 
[TR/TE]) and high intensity on T2-weighted images (€.g., 
2000/56) [4], gonadal characterization ultimately requires his- 
tologic analysis. It is important to locate the gonads, as 
orchiectomy is performed to prevent development of gonadal 
neoplasms. T2-weighted MR images are helpful in defining 
the location of gonads, as, on these sequences, gonads 
frequently show an outer rim of medium-intensity signal (Fig. 
1), which helps distinguish them from lymph nodes. 

It is noteworthy that testicular feminization also exists in a 
variety of incomplete forms where the genitalia are partially 
masculinized. In one form, cytoplasmic testosterone receptor 
levels are normal. Defective transcription or posttranscrip- 
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Fig. 1.—Male pseudohermaphroditism resulting from complete androgen insensitivity in an adolescent with characteristic female external genitalia, 


absent uterus, and inguinal gonads that histologically proved to be testes. 


A, Coronal MR image (SE 500/28) shows absence of uterus and vagina. This was verified by evaluation of sequential thin MR sections in two planes. 
B and C, Axial MR images (SE 2000/56) show bilateral inguinal testes (arrows). Note rim of medium signal intensity around gonads. 





Fig. 2.—Complete androgen insensitivity in ad- 
olescent who had undescended abdominal testes 
before gonadectomy and a feminized perineum 
that contained a blind vaginal pouch. Coronal MR 
image (SE 499/28) shows bilateral abdominal 
testes (arrows) and absence of a uterus. 


tional modification of androgen-regulated loci has been impli- 
cated as the responsible mechanism [2]. 


Female Pseudohermaphroditism 


Female pseudohermaphrodites are 46,XX genetic females 
with normal ovaries who are exposed to androgens in utero 
and undergo virilization of their external genital primordium. 
The most common cause is congenital adrenal hyperplasia 
resulting from 21-hydroxylase deficiency (Figs. 3 and 4). This 
causes salt wasting due to diminished mineralocorticoids and 
virilization from an excess of androgenic sex steroids. The 





Fig. 3.—Female pseudohermaphroditism caused by congenital adrenal hyperplasia in an 8-year- 
old girl. Internal genital ducts are female while external genitalia are masculinized. 

A and B, Sagittal SE 500/28 (A) and axial SE 800/28 (B) MR images show marked clitoromegaly 
and a rudimentary uterus (arrow). 


extent of masculinization is determined by the time and de- 
gree of androgen exposure. Exposure before the 12th week 
of gestation leads to ambiguous genitalia, whereas later ex- 
posure leads to clitoromegaly [2]. Primordia for male internal 
genital structures, the mesonephric ducts, do not differentiate 
because they require local, as opposed to systemic, andro- 
genic stimulation [2]. Unusual causes of female pseudoher- 
maphroditism include maternal drug ingestion (notably syn- 
thetic progestins with androgen activity) in the first trimester, 
in addition to the rare presence of adrenal or ovarian andro- 
gen-producing tumors. 

On MR studies, female pseudohermaphrodites demon- 
Strate masculinized external genitalia with normal ovaries, 
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Fig. 4.—Congenital adrenal hyperplasia result- 
ing from 21-hydroxylase deficiency in a neonate 
female pseudohermaphrodite. Incidentally noted 
was a fluid-containing urachus and hydrometro- 
colpos. 

A, Sagittal MR image (SE 2000/30) shows cli- 
toromegaly (arrow). 

B, Parasagittal MR image (SE 2000/80) shows 
bladder (B); urachus (Ur); fluid-filled, distended 
uterus (U); and vagina (V). 

C and D, Axial MR images (SE 2500/80) show 
fluid-filled vagina (V) posterior to bladder (B) and 
merging of vagina and urethra (arrow). 


Fig. 5.—Turner syndrome in a 45,X 16-year-old 
girl with a hypoplastic uterus, streak ovaries, and 
female external genitalia. 

A and B, Sagittal SE 500/30 (A) and axial 700/ 
30 (B) MR images show bilateral streak ovaries 
(arrows) in association with a rudimentary uterus 
and cervix (arrowhead). Streak ovaries may be 
difficult to appreciate even with thin-section tech- 
niques. 


fallopian tubes, and uterus. Thin, contiguous multiplanar sec- 
tions (3 mm or less) through the pelvis confirm the presence 
of an immature uterus. Occasionally, unassociated anomalies 
such as a patent urachus or an obstructed distended vagina 


and uterus are seen (Fig. 4). 





Gonadal Dysgenesis 


Gonadal dysgenesis is characterized by abnormal gonadal 
organization and function. Pure gonadal dysgenesis (Figs. 5- 
7) refers to individuals with bilateral dysfunctional gonads. On 
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Fig. 6.—45,X/45,XY mosaic with features of 
Turner syndrome and bilateral gonadal dysgene- 
sis resulting in neoplasms. 

A and B, Coronal SE 500/28 (A) and SE 2000/ 
84 (B) MR images show abnormal right adnexal 
mass. Left gonad is also abnormal because streak 
gonad should not exhibit such high signal on T2- 
weighted images. Bilateral gonadoblastoma (ar- 
rows) was found at laparotomy. 


Fig. 7.—46,XY gonadal dysgenesis in a 17- 
year-old patient. Bilateral inguinal dysgenetic 
testes did not produce millerian regression factor, 
so internal female genital ducts developed. The 
patient had partially virilized external genitalia at 
birth and was raised as a female. At age 12, 
phallus enlargement occurred. 

A and B, Midsagittal (A) and parasagittal (B) MR 
images (SE 600/20) show a phallus, vagina (V), 
and unicornuate uterus (U). 

C and D, Axial SE 800/30 (C) and SE 3700/30 
(D) MR images show bilateral, high inguinal testes 
(arrows) and a uterus (U). Uterus lacks normal 
myometrial and endometrial definition, reflecting 
lack of estrogen and progesterone. Patient sub- 
sequently had gonadectomy and phallus reduc- 
tion. 


MR imaging, the dysgenetic gonads may show a spectrum dysgenesis (Fig. 8), a testis is present along with a histologi- 
of appearances ranging from normal size to bilateral streak. cally abnormal or streak gonad. Sex chromosome karyotypes 
The clinical manifestations are variable, depending on chro- are usually mosaic (XO/XY, XO/XYY), although XY conditions 
mosome composition and gene expression. In mixed gonadal with an aberrant Y chromosome occur. The risk of developing 
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Fig. 8.—Mixed gonadal dysgenesis in a 46,XY/ 
46,XO mosaic infant. Normal testis is present in 
association with a dysgenetic gonad. Female gen- 
ital ducts are absent if mullerian regression factor 
is produced. Appearance of external genitalia may 
vary. 

A, Photograph shows ambiguous external gen- 
italia. 

B, Sagittal MR image (SE 500/28) shows ab- 
sence of a vagina and uterus. 

C, Axial MR image (SE 500/28) shows a testis 
(arrow) in left inguinal region. 

D, At gonadectomy, histologically aberrant left 
pelvic gonad (G) was found in association with 
right testis (T), which crossed midline and was 
lying in left inguinal canal. 


gonadal neoplasms (dysgerminoma and gonadoblastoma) is 
increased (approximately 25%) in dysgenetic gonads contain- 
ing Y chromosomes [2]. Therefore, chromosome analysis and 
removal of streak gonads is recommended. Prior to laparot- 
omy, MR may be useful in identifying the location of dysge- 
netic gonads and characterizing the internal genitalia. 

In Turner syndrome, 45,XO individuals are sterile and pos- 
sess bilateral streak ovaries that produce inadequate estro- 
gen (Fig. 5). The external genitalia are female, but remain 
infantile at puberty. Patients with XO/XY dysgenetic gonads 
possess bilateral aberrant gonads and may have features of 
Turner syndrome [2]. They must be recognized because of 
the risk of gonadal neoplasms developing (Fig. 6). 

In 46,XY gonadal dysgenesis (Fig. 7), there is failure of 
testicular differentiation with aberrant gonads and female 
external genitalia. Female genital ducts are usually present, 
in contrast to complete androgen insensitivity. Incomplete 
forms with partial masculinization exist owing to varying ex- 
tents of testicular differentiation with associated residual abil- 
ity to produce testosterone or mullerian regression factor. 
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True Hermaphroditism 


True hermaphrodites have both ovarian and testicular tis- 
sue that may exist in separate gonads or in the same gonad 
(ovotestes). The karyotypic distribution is approximately 80%, 
46,XX, 10% XY, and 10% mosaics [2]. Ovaries are intraab- 
dominal, while testes or ovotestes may exhibit cryptorchidism. 
The external genitalia are frequently ambiguous. Differentia- 
tion of the internal and external genitalia varies greatly. Lap- 
arotomy and histologic evaluation of gonads are required, 
again because of the increased rate of gonadal neoplasms. 
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Understanding MRI. By Jeffrey H. Newhouse and Jonathan |. Wiener. Boston: Little, Brown, 155 pp., 1991. 


$42.50, softcover 


This is a concise book that aims to “explain some of the physical 
processes” on which MR imaging is based. Its authors assume a 
minimal (premed level) background in physics and mathematics and 
expect that “readers will be able to understand what an MR image 
represents, will be able to understand the major parameters that 
need to be adjusted when operating an MRI machine, and will become 
sufficiently familiar with the operation of the machine and its under- 
lying physical principles to think about variations in imaging technique 
and machine operation for themselves.” 

The text has 10 chapters. Chapters 1-5 explain concepts in 
mathematics (e.g., vectors) and physics (e.g., magnetism) that are 
needed in order to comprehend the phenomenon of nuclear magnetic 
resonance. The chapters are well written, and understanding of the 
text is facilitated by the accompanying diagrams. Only a few mathe- 
matical equations are included, and the physical phenomena are 
explained according to the classical physics model. Chapter 6, which 
accounts for more than one third of the book, describes relaxation 
processes, common pulse sequences (spin echo and inversion re- 
covery) and basis of tissue contrast in MR images. Chapter 7 explains 
how MR images are generated (e.g., slice selection, spatial encoding). 


The last three chapters consider special topics, such as flow phenom- 
ena, gradient-echo pulse sequences, and signal-to-noise issues. 

This book is likely to be most useful to radiologists whose training 
predated the introduction of MR imaging and who are unlikely to 
incorporate MR into their practice. Similarly, medical students, tech- 
nologists, and nonradiologists may be able to use this book to 
become familiar with the language of MR imaging. However, those 
who desire a more detailed explanation may feel the need to consult 
books that provide a more thorough description of the topics. The 
easy reading style of this book may facilitate understanding of the 
more sophisticated manuals. However, the absence of a bibliography 
will not help readers find appropriate reference materials. Finally, 
because of the basic nature of the book, readers should not expect 
explanations of more sophisticated MR topics, such as MR artifacts, 
echoplanar MR imaging, or pharmaceutical manipulation of MR image 
contrast. 


Sanjay Saini 
Massachusetts General Hospital 
Boston, MA 02114 
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Fat-Suppression MR Imaging in Neuroradiology: 
Techniques and Clinical Application 


Robert D. Tien’ 


Fat-suppression techniques are useful in MR imaging to elimi- 
nate strong signals from fatty tissues that interfere with signals 
from adjacent areas. Various methods of fat suppression have 
been devised, but when suppression of fat is used in combination 
with contrast enhancement employing paramagnetic agents (e.g., 
gadopentetate dimeglumine), the definition of normal anatomic 
structures is significantly improved, enhancing lesions become 
more conspicuous, and lesional margins are better defined in 
regions of the body with large amounts of fat, whose signal is 
suppressed. Contrast-enhanced fat-suppressed T1-weighted im- 
ages provide more information than do conventional MR images. 
In this review, several types of fat-suppression techniques and 
their clinical applications in neuroradiology are described. 
Gadopentetate dimeglumine-enhanced, fat-suppressed T1- 
weighted images appear to have significant advantages over 
conventional T1-weighted contrast-enhanced images and should 
replace them in imaging regions of the body where large amounts 
of fat are present. 


The multiplanar capabilities, excellent soft-tissue definition 
and characterization, and lack of need for ionizing radiation 
make MR imaging a suitable alternative in neuroradiology [1- 
3]. However, the large amounts of high-signal fat and complex 
anatomy make the head and neck (including the orbit) a 
challenging area for MR imaging. Sometimes the signal from 
epidural fat and from the fatty marrow of the spine also 
causes diagnostic difficulty. 

The abundant fat in the head and neck can provide contrast 
for MR imaging, but the pulse sequences must be selected 
carefully to optimize contrast differences between pathologic 
lesions and fat. As a result of volume averaging of the high- 


signal fat with normal structures on T1-weighted images, the 
anatomic details are not visualized optimally on conventional 
MR images. 

Fat-suppression MR techniques have been recently used 
to advantage by numerous investigators in imaging several 
areas of the body [4-9]. These methods eliminate the high 
signal from fatty areas and thereby make adjacent structures 
more visible. Although the volume-averaging artifact still ex- 
ists after fat suppression, the degradation of anatomic detail 
from this artifact is significantly reduced. When applied in the 
orbit, they have significantly improved the depiction of ana- 
tomic details [10]. Fat-suppression techniques are also of 
particular value in eliminating chemical-shift artifact, especially 
when imaging with reduced bandwidth at high field strength 
[8]. Removal of this artifact improves boundary delineation, 
allowing better definition of tissues, such as optic nerves, 
because they are no longer obscured by the misregistered 
signal of fat [11]. 

Use of a paramagnetic contrast agent (gadopentetate di- 
meglumine) in combination with the fat-suppression technique 
has allowed even greater improvement in contrast between 
pathologic lesions and normal structures. Recent reports [4, 
9, 12-15] have found that fat-suppression MR with gadopen- 
tetate dimeglumine enhancement is useful in depicting lesions 
in the head and neck, including the orbit and the spine. 


Fat-Suppression Techniques 


Although many fat-suppression techniques are available, 
most are based on the following four methods or their modi- 
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fications: short TI inversion recovery (STIR), frequency-selec- 
tive presaturation (ChemSat), Dixon and chopper methods, 
and the hybrid method. 


STIR 


In STIR, the simplest of the fat-suppression techniques 
[16-18], suppression of the signal from fat is based on 
relaxation time rather than on chemical shift. The inversion- 
recovery (IR) sequence uses a 180° RF pulse to invert the 
longitudinal magnetization as the initial excitation pulse, in- 
verting the magnetization from the +z direction to the —z 
direction. Then, when the excitation pulse is removed, the 
magnetization returns toward its equilibrium state in the +z 
direction. At some point, the magnetization will pass from the 
—z direction to the +z direction. When this crossover occurs, 
there is no longitudinal magnetization in either direction; this 
point is often referred to as the null point, and it can be used 
to create signal voids for various tissues. If the selected TI 
matches exactly the time at which this null point occurs, a 
signal void for that particular tissue will occur because there 
is no longitudinal magnetization for the 90° RF pulse to 
“move” into the transverse plane. Obviously, if no transverse 
magnetization is present, no signal can be created (Fig. 1). 

The null point occurs at a time that is approximately equal 
to 69% of tissue T1, at different times for different tissues. 
The T1 relaxation time of tissues is dependent on field 
strength and increases with greater field strength. The null 
point depends not only on the T1 of the tissue but also on 
the TR selected. Fat has a very short T1 (approximately 250 
msec at a field strength of 1.5 T), so the null point of fat will 
occur at about 160-170 msec on a 1.5-T system (250 x 
0.69). Therefore, to suppress fat in an IR image, TI should be 
about 160-170 msec. The T1 relaxation times and the null 
point cited here refer to imaging at 1.5 T. Because that is a 
relatively short Tl, this technique was called short TI inversion 
recovery. 


Selective Suppression (ChemSat) 


Another popular method to suppress fat is to excite it 
preferentially (compared with water) with a narrow-band pulse 
in the absence of any gradients, dephase its signal with added 
gradients, and then immediately continue with the choice of 
imaging sequence. On our 1.5-T scanner (Signa, General 
Electric, Milwaukee, WI), this is the ChemSat (spin-echo) 
sequence [15, 19-22]. Hydrogen protons in fat precess at a 
frequency of about (3.5 x 1078) x y X Bo lower than water 
protons, which for a Bo of 1.5 T is about 220 Hz, where y is 
the gyromagnetic constant and Bp is the strength of the main 
magnetic field. This property, called chemical shift, allows the 
selection of the correct transmission frequency so that fat 
can preferentially first be excited and then suppressed. On 
our scanner, a synchronizing pulse with four zero crossings 
is transmitted at the fat frequency over a period of 16 msec, 
resulting in an effective excitation bandwidth of about 180 Hz 
centered on the transmission frequency. For magnets of 
different strengths, the duration of transmission and the spac- 
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Fig. 1.—Schematic drawing of IR pulse sequence (top straight line) and 
its effect on net magnetization vector for five hypothetical tissues A, B, N, 
C, and D of progressively increasing T1 and T2. On left-hand side is 
recovery of z components (M,) in interval Tl between 180° and 90° pulses. 
On right is decay of xy components (M,,) after 90° pulse. When TI is 
selected to coincide with null point (point where longitudinal magnetization 
moves from —z to +z direction), signal suppression for that tissue (such 
as N in this diagram) will occur. Tissues A and B relax sufficiently rapidly 
that by the end of TI both have recovered to positive z axis, the signal 
from A being stronger owing to its shorter T1. Because T2 of A is shorter 
than that of B, signal from A (M,,) decays more rapidly than that from B. 
During TE, difference between their signals (i.e., their contrast) diminishes. 
If tissue B had a spin density, as well as T1 and T2, increased with respect 
to that of A, contrast would be reduced even more. Hence, for tissues A 
and B, the effect of an increase in T1 on contrast opposes and partially 
cancels effects of increases in spin density and T2 during TE. 

With tissues C and D, the opposite occurs. After 180° pulse, C and D 
recover so slowly that at the time of 90° pulse, both are on negative z axis, 
and signal from C is weaker than that from D owing to a shorter T1. 
Contrast increases during TE. Because C also has a shorter T2 than does 
D, its signal decays more rapidly. Therefore, as operator adjusts TE, 
different cumulative contrast effects can be obtained in different tissues. 

(Reprinted with permission from Dwyer et al. [17], with modification.) 


ing of the zero crossings may differ in order to accomplish 
the same effect. (The details of these pulses generally are 
considered proprietary to the manufacturer.) With this tech- 
nique, a frequency-selective presaturation pulse is applied to 
fat immediately before the excitation pulse, destroying the 
longitudinal magnetization of the fat. When the excitation 
pulse is applied, sufficient time will not have elapsed to allow 
significant longitudinal recovery of the fat signal, so little or 
no magnetization will occur to be “tipped” into the transverse 
plane (Fig. 2). This sequence can be easily applied before 
each section-selective pulse of a conventional spin-echo se- 
quence. No operator data manipulations or postprocessing 
need be performed. 


Dixon and Chopper Methods 


Previous authors [23-27] have described a variety of im- 
aging techniques that lead to the production of separate 
water- and fat-based images. Dixon [23] first described a 
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Fig. 2.—T1 recovery curve shows that immediately before TR interval, 
saturation (SAT) pulse is applied to excite fat component only. At time TR, 
an excitation pulse is applied; however, fat does not have sufficient time 
to recover, and fat suppression occurs. (Reprinted with permission from 
Prorok [22].) 


simple chemical-shift imaging technique that allows differen- 
tiation of the fat and water signals of an MR image. This 
method consists of generating two phase-sensitive images, a 
conventional (in-phase) image and an image in which fat and 
water protons are 180° out of phase. Subtraction of these 
images results in either water-only or fat-only images. The 
Dixon method requires that two separate image data sets be 
acquired [25, 27, 28]. Chopper fat suppression [24] is a 
simple software modification of Dixon’s method that manip- 
ulates the data automatically during the course of image 
acquisition (Fig. 3); “chopper” is the manufacturer’s (General 
Electric) designation for the process of paired excitations to 
correct for imperfections in data acquisition [24]. Therefore, 
no postacquisition image reconstruction or manipulation is 
required, and the one-step approach of this method de- 
creases the misregistration artifact due to motion by the 
patient. 


Hybrid Method 


A hybrid technique of fat suppression in the spin-echo mode 
of data acquisition has been developed by Szumowski et al. 
[29, 30]. This technique incorporates two independent phys- 
ical mechanisms to eliminate lipid signal: the advantages of 
the frequency-selective excitation method and the chopper 
[24] phase-sensitive variant of the Dixon method [23] have 
been combined into a single two-excitation sequence. 

A diagram of the hybrid sequence is presented in Figure 4, 
in which our implementation, a so-called 1-3-3-1 frequency- 
selective pulse, is incorporated with in-phase and out-of- 
phase data collection. The 1-3-3-1 pulse is a series of very 
short pulses with wide bandwidth (i.e., “hard” pulses) sent at 
equal intervals in a ratio of 1:3:3:1. When applied to a sample 
containing both water and fat in the absence of an applied 
external gradient, this sequence leaves one of them excited 
and the other not. As used in the hybrid sequence, the fat is 
excited and dephased immediately afterward. The effect of 
the pulse sequence on the fat and water magnetization vec- 
tors is represented in detail in Figure 5. The resulting water- 
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Fig. 3.—In chopper fat-suppression technique, first raw data set (S1) is 
acquired with fat and water magnetizations oriented parallel, such that 
signal intensity is based on sum of water (W) plus fat (F). In second raw 
data set (S2), because of a shift in position of 180° pulse, fat and water 
magnetizations are antiparallel, and signal intensity is the result of fat 
minus water. Two raw data sets are subtracted (S1 — S2) as part of 
acquisition process, resulting in a water-only image when excitation fre- 
quency is centered on water resonance. Image intensity will be directly 
proportional to water content per voxel (W + F — F + W) = 2W. Averaged 
value (2W/2) = W. When excitation frequency is centered on fat resonance, 
S2 = W - F, and procedure results in a fat-only image. (Reprinted from 
Simon et al. [10].) 
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Fig. 4.—Diagram shows hybrid pulse sequence used in this study. A 
frequency (freq)-selective pulse centered on fat resonance (in this case, 
1:3:3:1 pulse as described by Hore [31]) is followed by chopper fat signal 
elimination. Two independent mechanisms of fat suppression applied 
together in one sequence substantially improve effectiveness of fat (F)- 
water (W) signal separation. Gz = z gradient, At = time difference between 
the pulses of RF, and RF». (Reprinted from Tien et al. [13].) 


only image is characterized by a more uniform elimination of 
fat signal and better suppression than if either method were 
used independently. This technique achieves high-level lipid 
suppression without significantly increasing imaging time 
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Fig. 5.—Graphic representation of magnetic behavior in hybrid pulse 
sequence as applied to suppression of lipid signal with frequency of MR 
imager tuned to water (W) resonance and frequency-selective pulse cen- 
tered on fat (F) resonance. During first excitation (A1), lipid magnetization 
is rotated into transverse plane (B1) and dephased by spoiler gradient 
(C1). This frequency-selective pulse provides partial elimination of lipid 
signal subject to limitations from magnetic field Bo and RF inhomogeneities. 
Rest of sequence operates on remaining lipid and water magnetizations 
to produce in-phase echo (D1). During second excitation, frequency-selec- 
tive pulse and dephasing gradient are repeated (A2, B2, C2); however, 
phase of slice-selective pulse is reversed, and timing of refocusing pulse 
is adjusted to produce out-of-phase echo (D2). Averaging by subtraction 
during data acquisition, as in original chopper fat-suppression sequence, 
results in elimination of remnant lipid component in final image (E). (Re- 
printed from Tien et al. [13].) 


compared with a spin-echo sequence with two excitations 
and without increasing image postprocessing. This technique 
requires Bo field (constant magnetic field) homogeneity over 
the field of view, exceeding chemical-shift difference between 
lipid and water. With this condition, the hybrid method has 
been applied with a high-field-strength magnet; however, it 
might be used with a mid-field-strength magnet if the field 
homogeneity permits. 


Comparison of Techniques 


The four techniques and their modifications generally can 
suppress the fat signal satisfactorily [4, 10, 15, 23, 24]. Each 
method offers special advantages, and each has inherent 
disadvantages. By far the most popular are STIR and 
ChemSat. 

The advantages of STIR are that it can markedly suppress 
the signal from fat at several field strengths, requires no 
additional heating over normal IR, and involves less problem 
with an inhomogeneous magnetic field. In addition, STIR may 
allow the operator to lengthen TE and obtain cumulative 
contrast effects from T1 recovery and T2 decay (Fig. 1). 

The disadvantages associated with STIR include longer 
duration (TR times may be 1800-2000 msec), relative incom- 
patibility with other MR techniques, and suppression of 
signals from tissues with similar T1 values (e.g., resolving 
hematoma and paramagnetically enhanced tissues) [32]. In 
addition, for a given TR, fewer imaging slices may be obtained 
with STIR than with conventional spin-echo techniques, be- 
cause a certain portion of the duty cycle is “eaten up” by the 
requisite TI and TE in STIR. Finally, the duration of the TI has 
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considerable effect on the degree of fat suppression [33, 
34]. The optimal TI may vary among persons or among 
different body parts because of differences in fat composition; 
thus, fat suppression can be incomplete [35]. 

Shuman et al. [36] recently reported a TI tuning technique, 
which is performed by observing the height of the fat-signal 
peak on the spectral display while varying the TI. This TI 
tuning technique can produce the lowest spectral fat peak for 
the optimum fat suppression. Oh et al. [37] have recently 
described a three-dimensional selective partial inversion-re- 
covery (3D-SPIR) pulse sequence that is initiated with a fat- 
selective pulse inversion pulse. This pulse inverts only the fat 
magnetization while leaving the water resonances undis- 
turbed. This technique will not suppress the paramagnetically 
relaxed water; thus, gadopentetate dimeglumine can be used. 
3D-SPIR also allows a wide range of TR and TE durations for 
producing either T1 and T2 contrast. However, this technique 
is very new and is used by only a few institutions. Initial 
experience showed satisfactory results (Zee CS, University 
of Southern California, personal communication). 

ChemSat does have some advantages over STIR, such as 
its compatibility with short TR and short TE sequences and 
long TR and short TE sequences (for T1/proton-density im- 
ages) [22]. It also differentiates fat from tissues with T1 values 
similar to those of fat, and paramagnetic contrast material 
can be used [15]. All suppression methods alter normal 
contrast to a certain degree; however, STIR alters all signal 
and contrast, whereas ChemSat alters only the signal and 
contrast of fat in comparison with any other tissue. 

Although ChemSat is relatively simple and easy to use, it 
does have disadvantages. First, the ChemSat saturation 
pulse requires extra work on the part of the RF and gradient 
amplifiers, increases specific absorption rate to the patient, 
and requires more time to apply the fat-selective saturation 
RF pulse and dephasing gradient. As a result, ChemSat 
generates fewer slices than with a conventional non-fat- 
suppressed spin-echo sequence and, in gradient-recalled ac- 
quisition in the steady state (GRASS, General Electric Medical 
Systems) and spoiled GRASS (General Electric Medical Sys- 
tems) studies, requires longer minimum TRs [19]. In addition, 
the lower-field-strength imaging systems would have greater 
difficulty performing a ChemSat type of sequence owing to 
the inherently lower separation between the frequencies of 
the fat and water protons in those field strengths. Further- 
more, frequency-selective saturation suffers from the inhom- 
ogeneities common to all magnet systems. 

To suppress the fat signal effectively and consistently 
throughout the image volume, an extremely homogeneous 
static magnetic field (Bo) and RF magnetic field (B;) are 
needed, so the farther away from isocenter, the less effective 
the fat suppression is likely to be. In addition, uneven fat 
suppression occurs in the areas with sharp variation of the 
shape of anatomic structures (such as floor of the mouth). 
This so-called bulk susceptibility phenomenon (Chew WM et 
al., presented at the annual meeting of the American Society 
of Neuroradiology, March 1990) is thought to arise from 
susceptibility effects of the main magnetic field (Bo) caused 
by variations in the shape of the structures being studied. 
Mild water-fat frequency shifts occur when the volume of 
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imaged tissue changes. As a result, the fat-selective RF pulse 
that overlies the fat frequency in one portion of the imaging 
area may overlie the water frequency in a different portion of 
the imaging volume area. The result is fat suppression in one 
portion of the image with water suppression in another. This 
susceptibility artifact can be partly corrected by centering on 
the area of interest when obtaining the water-fat spectrum 
and appropriately applying the fat-suppression RF pulse. The 
use of water bags about the anterior neck may help create a 
more uniform imaging volume [15]. This ChemSat technique, 
therefore, is best used with moderate to small fields of view 
and volumes. 

The chopper technique can provide clinically useful fat 
suppression without the need for postprocessing and elimi- 
nates the potential for misregistration artifacts. The biggest 
disadvantage with this technique is its high sensitivity to main 
field inhomogeneities, which can cause incomplete fat 
suppression. 

The hybrid technique has advantages and disadvantages 
that are similar to those of the ChemSat technique and 
chopper method. 

In summary, the chopper technique is a simple software 
modification of Dixon’s method. The hybrid technique is a 
combination of the frequency-selective excitation method and 
chopper method. These techniques are used less commonly 
for a simple reason: they are experimental software that can 
be used in a few academic institutions, whereas the other 
techniques (STIR, ChemSat) are now commercially available. 
Nonetheless, all of these variations of the fat-suppression 
technique can generally suppress the fat signal satisfactorily. 
However, each of them has its unique features. The perform- 
ance of all these techniques is affected by the magnetic field 
inhomogeneity and the inherent magnetic susceptibility of the 
patient. An understanding of these techniques is helpful to 
determine which one is best suited to the department's 
apparatus and meets the needs of the patient. 

The following material and case illustrations are based on 
the author’s personal experience with a 1.5-T machine with 
either the hybrid technique or ChemSat technique. These 
techniques were used because of their ready availability at 
our institution and our ability to use paramagnetic contrast 


Fig. 6.—12-year-old boy with neurofibroma- 
tosis, type 2. 

A, Coronal contrast-enhanced T1-weighted 
image (600/20/2) shows bilateral enhancing 
acoustic schwannomas (arrows) and possible 
enhancing masses at skull base. However, high- 
signal bone marrow at skull base and upper 
cervical spine obscures detail. 

B, Coronal contrast-enhanced T1-weighted 
image (600/20/2) with fat suppression clearly 
shows enhancing schwannomas involving re- 
gions of hypoglossal canals (arrows). Bone mar- 
row signal of occipital condyles and of C1 and 
C2 is completely suppressed. 
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material. Again, the purpose of the following discussion is to 
serve as a general guideline for the clinical application of the 
fat-suppression technique in neuroradiology. 


Clinical Application 
Head and Neck (Excluding the Orbit) 


Cranial nerve lesions (excluding intraorbital optic nerves). 
Most lower cranial nerve lesions are located near the skull 
base. The high signal intensity of bone marrow in the basal 
skull obscures enhancement of lower cranial nerve lesions on 
T1-weighted images (e.g., 600/20/2 [TR/TE/excitations]) ob- 
tained after administration of gadopentetate dimeglumine. 
Therefore, use of fat suppression in combination with en- 
hanced T1-weighted MR imaging has important clinical appli- 
Cations in this area. After the fatty marrow signal has been 
suppressed, the enhancing cranial nerve lesions can be de- 
tected much more easily. For example, in one patient with 
neurofibromatosis, type 2, bilateral enhancing acoustic 
schwannomas were noted. However, similar enhancing 
schwannomas of cranial nerves IX-XII in the jugular and 
hypoglossal canals are obscured by the high marrow signal 
intensity of the skull base. After fat suppression, the enhanc- 
ing schwannomas can be detected more easily (Fig. 6). A 
similar improvement in visualization has been noted in areas 
that have a small amount of fat, such as the parotid glands. 
My colleagues and | recently had a patient with acute onset 
of facial palsy due to parotid amyloidosis involving the de- 
scending and intraparotid portions of the facial nerve. After 
fat suppression, the enhancing and thickened intraparotid 
facial nerve was well delineated. Another distinct advantage 
of fat suppression is that, after application of fat suppression, 
a mildly enhancing lesion becomes much more distinct despite 
a lack of surrounding fat around the lesion. The portion of the 
image with the highest signal intensity, typically fat, is desig- 
nated the brightest part of the image by computer. Subse- 
quently, all lower signal intensities are rank ordered below 
this. Once fat is removed from the image, the next highest 
signal, which may have been of intermediate brightness, will 
now be designated the brightest. In this manner, with the 
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removal of fat, the dynamic gray scale is expanded over the 
remaining contrast range. This results in images that show 
more subtle differences in tissue signal intensities and in- 
creased sensitivity to contrast enhancement. For example, in 
a patient with acute onset of optical neuritis, on the conven- 
tional enhanced T1-weighted images we observed a mildly 
enhanced left optic chiasm. After the fat is suppressed, this 
mildly enhancing lesion becomes much more distinct, al- 
though no fat surrounds it (Fig. 7). 

Neoplastic disease of the head and neck.—Detection and 
delineation of tumors of the head and neck tend to be difficult 
on conventional MR images for several reasons: this area has 
large amounts of fat, the anatomy is complex, the tumors or 
lymph nodes usually have signal intensity similar to that of 








A | B 


Fig. 8.—39-year-old man with squamous cell carcinoma of nasopharynx. 
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surrounding muscles on T1-weighted images, and the lesions 
and nodes have signal intensities similar to that of the sur- 
rounding fat on T2-weighted images (e.g., 2500/80/1). Even 
though use of a contrast agent (gadopentetate dimeglumine) 
will result in enhancement of the tumor and lymph nodes on 
T1-weighted images, the enhancing lesions are obscured by 
the surrounding high-signal fat. My colleagues and | have 
found that application of the fat-suppression technique is 
extremely useful in the evaluation of tumors and lymph nodes 
in the head and neck region, including the nasopharynx, 
oropharynx, hypopharynx, and larynx. With fat suppression, 
the enhancing tumor and the nodes become much more 
distinct, as do mildly enhanced lesions. In some cases, the 
clinical assessment of whether the tumor involves the carotid 


Fig. 7.—35-year-old patient with acute onset 
of visual loss. 

A, Contrast-enhanced T1-weighted image 
(600/20/2) shows left chiasm (arrow) slightly 
more hyperintense than right. 

B, Contrast-enhanced T1-weighted image 
(600/20/2) with fat suppression obtained imme- 
diately after A shows strongly enhanced left 
chiasm (arrow). Optic neuritis is confidently di- 
agnosed. Dynamic change of gray scale makes 
mildly enhancing lesion much more distinct on 
fat-suppression images than simply adjusting 
window width on non-fat-suppressed images. 





A, Axial T1-weighted image (500/20/1) through nasopharynx shows small soft-tissue mass in left nasopharynx that has signal intensity of muscles 


(short arrows). Left clivus is involved by tumor (/ong arrows). 


B, Axial T2-weighted image (2500/80/1) of same area shows slightly hyperintense tissue in left nasopharynx (short arrow) and heterogeneous-signal 


lesion at region of left clivus (Jong arrow). 


C, Axial contrast-enhanced T1-weighted image (500/20/1) with fat suppression shows enhancing tumor much more distinctly (short arrows). Carotid 


artery is largely surrounded by enhancing tumor (/ong arrow). 
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space or the skull base is extremely difficult. The contrast- 
enhanced T1-weighted image with fat suppression is the 
method of choice for such lesions (Fig. 8). 

Tien et al. [12] also have evaluated T2-weighted images 
with fat suppression. Although fat will decrease in signal 
intensity on regular long TR/long TE sequences, in many 
cases fat has intermediate signal intensity on T2-weighted 
images, which is similar to the signal intensity of lymph nodes 
or masses. After fat suppression is used, the fat signal should 
be completely suppressed and the proton-rich tumor and 
nodes would be expected to be much more distinct. We have 
found that fat-suppressed T2-weighted images and contrast- 
enhanced T 1-weighted images with fat suppression are about 
equally valuable. On the other hand, the enhanced T1- 
weighted images with fat suppression appear to show ana- 
tomic details better [15]. In one case, we observed that on 
this sequence, the internal texture of a large necrotic lymph 
node was delineated better than on the T2-weighted images 
with fat suppression (Fig. 9). This characteristic may be helpful 
in differentiating necrotic metastatic lymph nodes from reac- 
tive lymph nodes [15, 38]. 

However, contrast-enhanced fat-suppression imaging was 
not helpful when the enhancing lesion was located adjacent 
to a mucosal surface. Here, the contrast enhancement of 
both the mucosa and the lesion was so great that differentia- 
tion between the two was not possible. In these locations, 
the best tumor-tissue contrast may be achieved with fat- 
suppression imaging without contrast material [15]. 

Incomplete fat suppression did not occur in the nasophar- 
ynx but did occur frequently in the floor of the mouth and 
lower neck regions, because of the bulk magnetic suscepti- 
bility phenomenon described earlier [12, 15]. 


Orbit 


Large amounts of fat in the orbit can produce chemical- 
shift misregistration artifact on unenhanced images, and the 
intracanalicular segment of the optic nerve often is obscured 
by high marrow signal from the adjacent bony canal. With the 
fat-suppression technique, instead of fat having a higher 


Fig. 9.—65-year-old man with history of squa- 
mous cell carcinoma of oropharynx in whom a 
right-sided neck mass recently developed. 

A, Axial T2-weighted image (2000/70/2) with 
fat suppression of upper neck; image shows 
lymph nodes of high signal intensity (straight 
arrows). Largest one is about 2 cm in diameter. 
Normal submandibular gland also is of high sig- 
nal intensity (curved arrow). 

B, Contrast-enhanced T1-weighted image 
(600/20/2) with fat suppression shows enhance- 
ment of all lymph nodes and correlates well with 
A. However, largest node has a thickened, irreg- 
ular wall with a hypointense center (arrows) that 
cannot be appreciated on T2-weighted image. 
Results of a biopsy of this large node revealed 
metastasis with central necrosis. 
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signal intensity than everything around it, soft tissue comes 
to have much higher signal intensity than the suppressed fat 
[10, 13]. A more accurate representation of the thickness of 
the optic nerve, muscles, and contour of the lacrimal gland is 
obtained. Chemical-shift artifact is eliminated, which results 
in truer anatomic borders on the images. Again, the intracan- 
alicular optic nerve is seen more clearly when the surrounding 
fatty marrow signal is removed. The contrast-enhanced T1- 
weighted images with fat suppression can show the margins 
of the enhanced ocular muscles and lacrimal glands even 
better than the unenhanced fat-suppression T1-weighted im- 
ages [13]. Incomplete intraorbital fat suppression usually does 
not occur with orbital imaging with fat-suppression techniques 
[10, 13, 15]. 

Optic nerve lesions.—Optic neuritis and perineuritis can be 
appreciated much better on enhanced T1-weighted images 
with fat suppression than on conventional images [13, 14]. 
The inflammatory change of the optic nerve or nerve sheath 
can be easily diagnosed with confidence on fat-suppression 
images (Figs. 10 and 11). In cases of optic meningioma, the 
enhancing nerve sheath tumor can be seen much more easily 
on fat-suppression images (Fig. 12). The enhancing intracan- 
alicular optic nerve lesions are easily detected after suppres- 
sion of the surrounding bone marrow signal around the optic 
canal (Fig. 10). 

Muscle cone lesions.—After suppression of the fat signal, 
the margins of the intraocular muscles are well defined. These 
muscles enhance intensely with administration of contrast 
material. Tien et al. [13] have reported a case of Graves 
disease in which the enlarged enhancing muscle with sur- 
rounding inflammatory infiltrate was clearly detected after 
administration of contrast material and fat suppression. 

Mixed conal lesions.—In cases of inflammatory or neoplas- 
tic lesions with involvement of different compartments in the 
orbit, the fat-suppressed and contrast-enhanced images can 
be valuable in detecting and delineating the lesions [13]. 

Global lesions.—I\n cases of retinal detachment and ocular 
tumor, the anterior margin of the hematoma or tumor can be 
detected easily, in comparison with the low-signal vitreous on 
conventional T1-weighted imaging. However, the posterior 
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Fig. 10.—35-year-old man with acute onset of 
left visual field defect. Coronal contrast-en- 
hanced T1-weighted image (600/20/20) with fat 
suppression. Bone marrow signal near optic 
canal is completely suppressed. Marked en- 
hancement of left optic nerve in its intracanalic- 
ular portion is noticed easily (arrow). Optic neu- 
ritis was diagnosed. Subsequent neuroimaging 
and laboratory studies confirmed neurosarcoid- 
osis. 


margins of these lesions are sometimes obscured by the high- 
signal intraorbital fat. After fat suppression, both the posterior 
and anterior margins are detected more easily [13]. 

Paraorbital lesions. —Extension of lesions into the orbit, 
either from the sinuses or near the lacrimal gland region, can 
be easily delineated after suppression of intraorbital fat and 
contrast enhancement [13]. The susceptibility artifacts at the 
interface of air and soft tissue (i.e., sinuses and orbits) are 
sometimes pronounced. However, the image quality usually 
is not significantly affected, and diagnostic accuracy is not 
reduced [4, 10, 13-15]. 


Spine 


Metastatic tumor.—Metastases usually replace the normal 
bone marrow and have lower signal intensity on conventional 
T1-weighted images. A sagittal non—fat-suppressed, unen- 
hanced T1-weighted screening sequence is mandatory. How- 
ever, sometimes normal vertebral bodies have areas of hy- 
pointensity and raise the possibility of spinal metastasis. Most 
metastatic tumors (except some osteoblastic metastases) will 
enhance after administration of contrast material. However, 
after enhancement, the enhancing lesion cannot be well dif- 
ferentiated from surrounding high-signal bone marrow on T1- 
weighted images. The fat-suppressed enhanced T 1-weighted 
image can show the enhancing metastases to the bones well, 
in contrast to suppressed normal bone marrow (Fig. 13). In 
addition, an enhancing epidural metastatic tumor will not be 
confused with epidural fat on enhanced fat-suppressed im- 
ages. 

Inflammatory lesions.—I\n cases of osteomyelitis, enhanced 
T1-weighted images with fat suppression can highlight the 
enhancing areas of osteomyelitis against the suppressed 





Fig. 11.—60-year-old woman with acute onset 
of left orbital pain. Coronal contrast-enhanced T1- 
weighted image (300/20/2) with fat suppression 
shows enhancing perineural tissue around left op- 
tic nerve (black arrows). Nerve is not involved 
(white arrow). Optic perineuritis was diagnosed. 
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Fig. 12.—38-year-old woman with chronic vis- 
ual loss and known optic meningioma. Coronal 
contrast-enhanced T1-weighted image (500/20/ 
2) with fat suppression shows homogeneously 
enhanced mass (straight arrows), which clearly 
is intraconal and separates from enhancing in- 
traorbital muscles (curved arrows). 


bone marrow and epidural fat. The enhancement patterns of 
arachnoiditis are highly variable [39]. In one recent case of a 
patient with midly enhanced nerve roots on conventional 
enhanced images, the nerves became much more distinct on 
fat-suppressed enhanced images. Although no fat is present 
in the thecal sac, the dynamic change in the gray scale makes 
the mildly enhanced nerve roots much more distinct after fat 
suppression. 

Congenital lesions.—I\n cases of intramedullary lipoma or 
lipomyelomeningocele, the high signal noted on T1-weighted 
images can be from either fat or methemoglobin. Fat suppres- 
sion can easily eliminate the fatty signal from these masses 
and aids in the differential diagnosis. 


Postoperative Patients 


Pituitary sella.—In the first few months postoperatively, 
high signal intensity in the sella from different tissues and 
components such as fat pad, methemoglobin, or bone marrow 
at the sphenoid and clivus on T1-weighted images will pre- 
dominate in this small anatomic area and give confusing 
information. However, after fat suppression is applied, the 
signal from the fat pad and bone marrow will be significantly 
suppressed. The remaining high-intensity signal will be from 
methemoglobin. After administration of contrast medium, the 
residual pituitary tissue, tumor, or granulation tissue will be 
enhanced (Fig. 14). The margins of the enhanced tissue will 
not be obscured by the adjacent high-signal fat on fat-sup- 
pressed images. The combination of T1-weighted images and 
enhanced images with fat suppression will give the best tissue 
characterization. 

Mastoid.—Iin cases of surgery for removal of acoustic 
schwannoma, large amounts of fat pad are put in the area of 
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Fig. 13.—31-year-old woman with metastatic 
lung cancer and back pain. 

A, Sagittal Ti-weighted image (600/20/4) 
shows several areas of focal low signal intensity 
(long arrows). L4 vertebral body has uniformly 
low signal intensity (short arrow). 

B, Sagittal contrast-enhanced T1-weighted 
image (600/20/4) shows no significant enhance- 
ment of lesions in L1-L3 (long arrows). Enhance- 
ment of L4 vertebral body is irregular (short 
arrows). 

C, Sagittal contrast-enhanced T1-weighted 
image (600/20/4) with fat suppression clearly 
shows abnormal lesion enhancement of L1-L3 
(long straight arrows). Enhancement of L4 lesion 
is more distinct (short straight arrows). Areas of 
abnormal enhancement at L1 and L4 (curved 
arrows) can be identified easily only on fat-sup- 
pressed images. 


Fig. 14.—45-year-old patient with recent pi- 
tuitary surgery. 

A, Coronal T1-weighted image (600/20/2) of 
postoperative sella shows three distinct areas 
(arrows) of high signal intensity of uncertain 
cause. 

B, Contrast-enhanced coronal T1-weighted 
image (600/20/2) with fat suppression of post- 
operative sella shows usefulness of fat suppres- 
sion. Areas of previously high signal intensity 
(long straight arrow) represent suppressed fat 
pad. Curved open arrow indicates region of pre- 
viously high signal intensity that retains high 
signal intensity and represents methemoglobin. 
Region of previously high signal intensity that 
became suppressed (curved solid arrow) repre- 
sents bone marrow of sphenoid. Small enhanc- 
ing mass (arrowhead) in sphenoid probably rep- 
resents granulation tissue. Remaining pituitary 
tissue and bilateral cavernous sinuses also are 
enhanced (short straight arrows). 


A 


the mastoid to prevent CSF otorrhea. On conventional T1- 
weighted images with contrast enhancement, the fat pad and 
the enhancing granulation or residual tumor will have the 
same signal intensity. However, contrast-enhanced fat-sup- 
pressed images will show enhancement of the granulation 
tissue or residual tumor at the surgical bed. These images 
will be useful as baselines for follow-up studies. 

Head and neck.—In patients in whom large areas of the 
head and neck have been removed during resection of tu- 
mors, muscle-fat flaps have been used for cosmetic reasons. 
In these patients as well, contrast-enhanced T1-weighted 
sequences with fat suppression will be useful as baseline 
images for follow-up studies. 

Spine. —Conventional contrast-enhanced T1-weighted im- 
ages are a standard method for distinguishing between scar 
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(which enhances) and residual disk fragment (which does not 
enhance). However, the contrast-enhanced T1-weighted im- 
ages with fat suppression can result in elimination of the fat 
signal at the epidural space and between the muscle bundles 
and reveal the scar tissue much more distinctly [9] (Fig. 15). 


Miscellaneous 


In one case of intracranial lipoma, a curvilinear structure of 
high signal intensity extended from the quadrigeminal plate 
to the upper vermis of the cerebellum. A fat-containing struc- 
ture was suggested by the chemical-shift artifact; however, a 
simple fat-suppressed T1-weighted image resulted in elimi- 
nation of the signal from this lesion and provided the accurate 
diagnosis. 
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Fig. 15.—45-year-old man with chronic back pain. 


A, Axial proton density-weighted image (1600/20/2) shows irregular mass at L5-S1 disk space (black arrows) that is isointense with muscles. Right 


L5-S1 neural foramen is also obscured by soft tissue (white arrow). 


B, Axial contrast-enhanced T1-weighted image (400/13/2) at same level shows mildly peripheral enhancement on left side of mass (straight black 
arrow) and faintly peripheral enhancement on right (curved arrow). No significant enhancement is seen of soft tissue at right L5-S1 neural foramen (white 


arrow). 


C, Axial contrast-enhanced T1-weighted image (400/13/2) with fat suppression of same level shows intensely enhanced scar tissue around mass 
(black arrows). Distinct soft-tissue enhancement at right neural foramen is also easily seen (white arrow). Large free-fragment disk material with peripheral 


scar extending to right neural foramen was confirmed during surgery. 


Discussion 


Contrast-enhanced T1-weighted MR imaging is an ex- 
tremely useful adjunct to conventional MR imaging in evalu- 
ating lesions of the head and neck, and fat-suppression T2- 
weighted imaging is an equally useful means for improv- 
ing lesion detection and for evaluating cervical lymph nodes 
[12]. The contrast-enhanced fat-suppressed T1-weighted im- 
ages may show the internal texture of the lymph nodes better. 
Conventional unenhanced T1-weighted images still are rec- 
ommended, as they ensure that lipid-containing lesions are 
not overlooked on fat-suppressed images, and they allow 
confirmation that all bright lesions detected with fat suppres- 
sion are in fact areas of contrast enhancement rather than 
areas containing a substance that is intrinsically bright on T1- 
weighted images, such as proteinaceous fluid or methemo- 
globin [15]. 

In the orbit, contrast-enhanced fat-suppressed T1- 
weighted imaging is valuable and probably should replace 
conventional T1-weighted contrast-enhanced imaging, as in 
the head and neck, because it provides the best anatomic 
details, improves detection of enhancing lesions, and defines 
tissue interfaces better [13-15]. Proton-density-weighted im- 
ages and T2-weighted images may be useful in certain cases, 
especially global tumors [13, 15]. 

Fat-suppression imaging alone is useful in spinal imaging, 
as it allows differentiation between fat and methemoglobin 
and can aid in the differential diagnosis of a fat-containing 
dermoid or lipoma. Fat suppression in combination with ga- 
dopentetate dimeglumine enhancement can improve lesion 
detection in patients with metastatic or infectious disease of 
the spine. Contrast-enhanced T1-weighted imaging with fat 
suppression also is useful in various postoperative lesions. 


However, uneven fat suppression can occur with a large 
field of view and in areas with sharp changes in anatomic 
shape as a result of field inhomogeneity, which can signifi- 
cantly degrade the image. This problem can be minimized by 
better magnetic field shimming, using a smaller field of view, 
changing the plane of section and positioning the patient 
properly to obtain more uniform anatomic structure, and 
centering on the areas of interest when obtaining the water- 
fat spectrum and applying the fat-suppression RF pulse ac- 
cordingly. Other disadvantages of fat suppression exist, such 
as increased magnetic susceptibility artifact around air-con- 
taining structures and lower signal-to-noise ratio (the image 
is more grainy because of a lack of signal from fat). However, 
these disadvantages are outweighed by the obvious advan- 
tages of increased contrast between lesions and soft tissue 
compared with conventional MR imaging methods. With 
proper knowledge and careful monitoring of the images, high- 
quality fat-suppression images can be obtained routinely. 

In summary, fat suppression has found its way into main- 
stream MR imaging and has a wide application in the field of 
neuroradiology, in areas ranging from the head to the spine. 
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Ahmad Hatam, 1923-1991 


Diagnostic radiology and imaging lost an 
advocate, an educator, and a researcher 
when Ahmad Hatam died August 7, 1991, of 
heart failure while on vacation in Sweden. His 
dedication to academic pursuits, despite a 
demanding clinical responsibility at the Uni- 
versity of Louisville, School of Medicine, al- 
lowed him to achieve an international repu- 
tation in neuroradiology. 

Dr. Hatam was born in Kasre-Shirin, Iran, 
on December 25, 1923. His early education 
was in Iran and his premedical studies took 
place in Beirut, Lebanon, and Geneva, Swit- 
zerland. He received his M.D. degree from 
the Faculté de Médecine, University of Ge- 
neva, in 1952. He did a rotating internship at 
the Maumee Valley Hospital in Toledo, OH, 
in 1953 and then 2 years of residency in 
internal medicine in Youngstown, OH. Dr. 
Hatam began his career at the University of 


Louisville with residency training in general 


radiology and was elected a diplomate of the 
American Board of Radiology in 1960. He 


accepted an academic position within the 
department as assistant professor in 1964 
and was promoted to associate professor in 
1965 and to full professor in 1983. His col- 
laborative research efforts resulted in him 
being awarded a doctor of medical science 
degree from the Karolinska Institute in Stock- 
holm in 1985. 

Dr. Hatam enjoyed a fruitful research col- 
laboration with the Neuroradiological Institute 
at the Karolinska Hospital. This included pi- 
oneering investigation of the use of contrast 
materials in CT. With his Swedish colleagues, 
Dr. Hatam was subsequently involved in the 
initial efforts in the application of positron 
emission tomography to brain studies. More 
recently, he participated in a multidiscipline 
study of the use of contrast enhancement in 
MR imaging of pituitary adenomas. His illness 
prevented him from completing studies that 
involved stereotaxic methods of treating 
brain tumors with the gamma knife. 

Dr. Hatam established and maintained this 


Memorial 





unique intercontinental research effort usu- 
ally at great sacrifice of time and money. 
Sabbatical leaves and use of vacation and 
meeting time allowances from the University 
of Louisville were the usual mechanism for 
accomplishing this difficult routine. 

Dr. Hatam’s determined research drive 
and his stimulating and provocative academic 
attitudes will be missed greatly by all of us 
who were fortunate enough to recognize his 
outstanding qualities. 

Dr. Hatam became a naturalized citizen of 
the United States in 1978. He is survived by 
his wife, Karin Sorgards-Hatam; a son, Has- 
san (10); and a daughter, Susanne (9). Addi- 
tional survivors are his brother, Kassem Ha- 
tam of Geneva, and two sisters who reside 
in Iran. His wish was honored with his burial 
August 14, 1991, in Kurdistan, Iran. He will 
be sadly missed. 
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Intracranial MR Angiography: A 
Direct Comparison of Three Time-of-Flight 
Techniques 





During the past few years, several time-of-flight MR angiographic techniques have 
been described for rapid, reliable, noninvasive vascular evaluation. This investigation 
was performed to directly compare three time-of-flight methods in imaging the intracra- 
nial vasculature: a single-volume method, a sequential two-dimensional slice technique, 
and a technique using the sequential acquisition of multiple thin volumes. Thirty-two 
normal volunteers were imaged, and direct comparisons of the three techniques were 
performed in 20 subjects. Analysis of the resulting images revealed optimal depiction 
of large vessels with the single-volume and multiple thin-volume methods, small vessels 
with the multiple thin-volume technique, and venous structures with the sequential two- 
dimensional slice acquisition. The effects of progressive spin saturation in time-of-flight 
MR angiography are discussed along with the individual benefits and disadvantages of 
each method. 

We conclude that the diagnostic value of intracranial time-of-flight MR angiography 
can be maximized through tailoring the angiographic method to the suspected abnor- 
mality based on the requirements for spatial resolution and slow-flow sensitivity, as 
suggested by the clinical history or prior imaging studies. 


AJNR 12:1133-1139, November/December 1991; AJR 158:381-387, February 1992 


Intracranial MR angiography based on both time-of-flight (TOF) and phase- 
sensitive methods has been described for the noninvasive evaluation of many 
vascular abnormalities, including aneurysms, arteriovenous malformations, occlu- 
sions, and venous thromboses [1-10]. Each of the techniques used in these 
investigations displayed advantages and limitations. The single-volume three-di- 
mensional Fourier transformation (3DFT) TOF technique has demonstrated rapid, 
reliable visualization of the intracranial circulation in many of these applications [1, 
2, 4, 10]. However, the effects of progressive saturation of inflowing spins present 
a major limitation to this method, limiting visualization of venous anatomy, slow- 
flow lesions, and distal vasculature in thick imaging volumes [6, 9]. Several TOF 
methods have been proposed to reduce the manifestations of spin saturation based 
on the acquisition of thinner slices or volumes [3, 5, 9] (Lewin JS et al., presented 
at the annual meeting of the Radiological Society of North America, November 
1989; Parker DL et al., presented at the annual meeting of the Society for Magnetic 
Resonance in Medicine, August 1990). The purpose of this study was to directly 
compare three intracranial TOF MR angiographic techniques under equivalent 
imaging conditions to evaluate vessel visualization, the effects of progressive spin 
saturation, and the strengths of each technique in the diagnosis of vascular disease. 


Subjects and Methods 


The study population consisted of 32 healthy volunteers. Imaging parameters and volume- 
excitation RF pulses were evaluated and adjusted in the first 12 volunteers, and comparison 
of the three techniques was made under equivalent imaging conditions in the final 20 subjects. 
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Informed consent was obtained from each subject after the nature of 
the examination was fully explained. 

All studies were performed on a standard superconducting 1.5-T 
whole-body system (Siemens Magnetom, Erlangen, Germany) with a 
10-mT/m gradient capability and a transmit/receive, circularly polar- 
ized head coil. Postprocessing with a maximum-intensity-projection 
(MIP) algorithm was done to provide an angiographic display. The 
three TOF techniques that were compared included a single-volume 
technique, a multiple thin-volume technique, and a sequential two- 
dimensional (2-D) slice technique (Fig. 1). 

The single-volume method used a 3DFT gradient-echo sequence, 
fast imaging with steady precession (FISP), with velocity-compensa- 
tion gradients in the read and slice-select directions, 40/7/1 (TR/TE/ 
excitations), a 15° flip angle, a 256 x 256 matrix with a 200-mm field 
of view, and a single 64-mm excitation volume divided into 64 1-mm- 
thick partitions [1]. Total examination time was 11 min. 

The multiple thin-volume method used a similar 3DFT gradient- 
echo FISP sequence with velocity-compensation gradients in the read 
and slice-select directions, 25-40/7/1 (TR/TE/excitations), 25° flip 
angle, and 256 x 256 (12 subjects) or 192 x 256 (eight subjects) 
matrix with a 200-mm field of view. The volume of interest was 
covered by acquiring sequential thin 16-partition volumes: either five 
24-mm volumes with a 1.5-mm partition thickness (11 subjects) or 
six 16-mm volumes with a 1.0-mm partition thickness (nine subjects). 
Adjacent volumes were overlapped three partitions at each end (3.0- 
4.5 mm) [9] (Lewin et al., RSNA, November 1989). Total examination 
time was 9-12 min. 

The sequential 2-D slice method consisted of a two-dimensional 
Fourier transformation (2DFT) gradient-echo sequence, fast low-angle 
shot (FLASH), with velocity-compensation gradients in the read and 
slice-select directions, 25/10/1 (TR/TE/excitations), a 60° flip angle, 
and a 256 x 256 (13 subjects) or 192 x 256 (seven subjects) matrix 
with a 200-mm field of view. Sequential 3-mm slices were obtained 
with 1 mm of overlap to cover the region of interest [3, 5]. Total 
examination time was 8-10 min. 

For the comparison portion of the study, axial three-dimensional 
data sets were obtained with each method, covering equivalent 64- 
mm-thick volumes centered slightly above the circle of Willis. A direct 
axial MIP reconstruction of each of the three techniques was com- 
pared for each subject, with assessment of image quality with respect 
to several factors. 

Large vessel definition was determined by examination of the 
supraclinoid carotid bifurcation, primary bifurcation of the middle 
cerebral artery, and anterior limb of the carotid siphon for evidence 
of signal loss from motion-induced dephasing (flow voids). 





Fig. 1.—Three different time-of-flight MR angiographic techniques. 

A, Single-volume technique. Region of interest (box) is acquired with a single 3DFT acquisition. 

B, Multiple thin-volume technique. Equivalent region of interest is covered by several overlapping thin 3DFT acquisitions (only four volumes shown for 
clarity, either five or six 16-partition volumes used in study). 

C, Sequential 2-D slice technique. The same region of interest is covered by multiple thin, overlapping 2DFT slices (not to scale). Thirty-one 3-mm-thick 
slices with 1 mm of overlap were used in the study. 
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Small vessel resolution was evaluated by inspection of cortical 
vascular branches in the anterior, middle, and posterior cerebral artery 
distributions and by visualization of the ophthalmic, posterior com- 
municating, and superior cerebellar arteries. Note was made of the 
technique revealing the largest number of uninterrupted opercular 
branches of the middle cerebral arteries and the longest segments of 
posterior temporal, parietooccipital, and calcarine branches of the 
posterior cerebral arteries in each volunteer. 

The venous system was evaluated through examination of the 
internal cerebral veins and the straight, sphenoparietal, and trans- 
verse venous sinuses. 


Results 


The best definition of large-vessel bifurcations was ob- 
served with the volume inflow studies, with both the single- 
volume and multiple thin-volume techniques equivalent at 
providing reliable large-vessel images with a minimum of flow 
voids or vascular discontinuities (Figs. 2A and 2B). The num- 
ber of bifurcations and carotid siphons imaged without arti- 
factual narrowing or interruption is presented in Table 1. 

Small-vessel detail was best provided with the multiple thin- 
volume method (Fig. 2B). The number of examinations pro- 
viding visualization of multiple small cortical branches of the 
anterior, middle, and posterior cerebral arteries, and the num- 
ber of ophthalmic, posterior communicating, and superior 
cerebellar arteries demonstrating definite flow, are detailed in 
Table 2. Posterior communicating arteries were included in 
this table only when seen in their entirety on the axial MIP 
reconstruction, even though many other partial posterior com- 
municating arteries were observed. 

Examination of the individual partitions or slices from the 
data sets prior to postprocessing supplied better definition of 
small communicating arteries than any of the postprocessed 
angiograms, supporting previous reports suggesting that in- 
formation is lost in the MIP postprocessing technique [11] 
(Fig. 3). 

While the number of examinations revealing the presence 
of small cortical branches is noted in Table 2, the best 
definition of small uninterrupted middle cerebral artery 
branches was obtained with the multiple thin-volume method 
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Fig. 2.—Axial maximum-intensity-projection reconstructed angiograms. 

A, Single-volume method. Good signal is noted in proximal portions of anterior, middle, and posterior cerebral arteries. Many cortical branches in middle 
and posterior cerebral distributions are noted, along with bilateral posterior communicating arteries, proximal ophthalmic arteries (arrowheads), and 
superior cerebellar arteries (arrows). 

B, Multiple thin-volume method. Again, proximal portions of anterior, middle, and posterior cerebral arteries are well visualized, along with posterior 
communicating arteries and portions of ophthalmic and superior cerebellar arteries. More small cortical branches are noted as compared with single- 
volume technique. Signal within internal cerebral veins and straight sinus is also noted (arrows). 

C, Sequential 2-D slice method. Slight artifactual narrowing is noted in region of right supraclinoid carotid bifurcation (solid arrow), but remainder of 
proximal large arteries are well visualized. Numerous cortical vessels, posterior communicating arteries, and portions of ophthalmic and superior cerebellar 
arteries are seen. In addition to internal cerebral veins and straight sinus, sphenoparietal (open arrow) and right transverse sinus are much better 
visualized than with other methods. However, more slowly flowing in-plane spins in left transverse sinus are not visualized owing to persistent spin 
saturation. 

(Note.—Anterior limb of carotid siphon is not entirely included in region of interest, precluding adequate evaluation for flow void in this region in this 
subject.) 





TABLE 1: Large-Vessel Visualization with Three Different in 13 subjects, single-volume technique in four subjects, and 
sali abi ie hi ii eb sequential 2-D slice method in three subjects. The best unin- 
No. Visualized Satisfactorily terrupted visualization of small branches of the posterior 
5 ane eae Too ae T cerebral artery was provided with the single-volume method 
Structure Single- Multiple 2-D ) ; à ; i } 

Volume Thin-Volume Slice in 13 subjects and the multiple thin-volume technique in the 

Method Method Method remaining seven cases. 
Supraclinoid bifurcation 38/40 38/40 16/40 Venous sinuses and subependymal veins were best visu- 
Middle cerebral artery bi- 34/40 33/40 26/40 alized with the sequential 2-D slice method (Fig. 2C), as noted 

furcation ; ; i i 

Anterior limb of siphon 16/20 15/20 14/20 in Table 3. While the multiple thin-volume method also dem- 





onstrated flow in many venous structures, in no case was a 
vein or sinus seen on the multiple thin-volume method and 
not on the sequential 2-D slice technique. The single-volume 
technique did not demonstrate venous structures smaller than 
the transverse sinus in any examination. 
TABLE 2: Small-Vessel Visualization with Three Different Time- Motion artifacts causing widespread vessel discontinuity 
of-Flight MR Angiographic Techniques were seen in one case each with the sequential 2-D slice and 
naa A eT TE aaa multiple thin-volume techniques. No significant artifacts were 
No. Visualized Satisfactorily 
noted with the single-volume technique. 


Note.—The anterior limb of the carotid siphon was not included in the 
imaging volumes in 10 subjects (20 carotid siphons). 


Structure Single- Multiple 2-D 

Volume  Thin-Volume Slice 

Method Method Method 
Anterior cerebral artery branches 8/20 18/20 18/20 Discussion 
Middle cerebral artery branches 19/20 19/20 17/20 i 
Ophthalmic artery 26/40 30/40 15/40 of spins having longitudinal magnetization. Typically, the mag- 
Posterior communicating artery 15/40 15/40 9/40 — ifi rt often 
Suparior carébellan artery 17/40 20/40 15/40 netization of a bolus of blood is modified, or tagged, ofte 


Sennen through relaxation or inversion, allowing protons flowing into 





384 LEWIN AND LAUB 





TABLE 3: Venous Delineation with Three Different Time-of- 
Flight MR Angiographic Techniques 





No. Delineated 


Structure(s) Single- Multiple 2-D 
Volume Thin-Volume Slice 
Method Method Method 
Internal cerebral veins 0/20 16/20 20/20 
Straight sinus 0/20 19/20 20/20 
Sphenoparietal sinus 0/40 18/40 25/40 
Transverse sinus 1/22 12/22 15/22 





Note.—The transverse sinuses were not included in the imaging volumes in 
nine subjects (18 sinuses). 


the imaging volume to be distinguished from surrounding 
Stationary tissue [12-17] (Sardashti M et al., presented at the 
annual meeting of the Society of Magnetic Resonance in 
Medicine, August 1989). 

The contrast between blood and stationary tissue in the 
inflow-based methods described in this study results from 
one type of TOF effect termed flow-related enhancement, 
which occurs when partially saturated spins within the imaging 
slice are replaced by inflowing unsaturated or fully magnetized 
spins. If the TR is short compared with the longitudinal 
relaxation rate (T1), the signal from stationary material is 
attenuated, while the signal from fully relaxed inflowing spins 
remains high. Thus, the bright vessels seen with flow-related 
enhancement result from relative attenuation of the stationary 
tissue rather than from an intrinsic quality of the inflowing 
spins [12, 13]. 

Flow-related enhancement was observed and described 
early in MR imaging, initially referred to as paradoxical en- 
hancement with spin-echo sequences [12, 13, 18, 19], and 
was subsequently exploited for vascular imaging with low- 
flip-angle 2DFT gradient-echo sequences by Wehrli et al. [16, 
17]. This technique was modified by Laub et al. [1, 20] with 
implementation of a 3DFT acquisition method in which a thick 
volume of tissue was excited, encompassing the entire region 
of interest. These data were subsequently postprocessed by 
using an MIP ray-tracing algorithm, projecting the three-di- 
mensional data set onto a 2-D plane to facilitate interpretation. 

While rapidly flowing arterial blood was well visualized with 
this single 3DFT volume method, loss of visualization of more 
slowly flowing blood was noted. Two TOF methods were 
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Fig. 3.—Visualization of posterior communi- 
cating artery. 

A, Axial maximum-intensity-projection recon- 
struction of single-volume technique. No definite 
signal is noted in posterior communicating arter- 
ies. 

B, On a single partition from original 3-D data 
set, both right and left posterior communicating 
arteries are clearly visualized (arrowheads). Re- 
maining portions of right artery were seen on 
adjacent partitions. 


subsequently described that allowed improved slow-flow sen- 
sitivity. The first technique resembled the earlier cross-sec- 
tional vascular imaging of Wehrli et al. [16, 17] in its use of 
very thin 2DFT gradient-echo slices, allowing negligible satu- 
ration of even the slowest inflowing blood within the imaging 
slice. The application of MIP postprocessing to a series of 
contiguous or slightly overlapping slices was first described 
by Edelman et al. [3] and Keller et al. [5], allowing evaluation 
of the data in an easily interpretable angiographic format, 
equivalent to that described for the volume technique, and 
demonstrating improved visualization of slowly flowing ve- 
nous blood [3, 6]. The second TOF method with improved 
slow-flow sensitivity was the multiple thin-volume approach, 
initially described in the head by Marchal et al. [9]. This 
technique used multiple sequentially acquired thin 3DFT vol- 
umes, approximately 32 mm in thickness, to cover the region 
of interest, allowing visualization of more slowly flowing blood 
than possible with the single thick-volume technique. 

Two factors that are important for the successful produc- 
tion of MR angiograms with inflow MR angiographic tech- 
niques have been described by Ruggieri et al. [1]. First, flow- 
related enhancement must be maximized through use of an 
imaging volume oriented perpendicularly to the inflowing 
blood and through optimization of the TR and flip angle. 
Second, signal loss from intravoxel phase dispersion must be 
minimized by using constant-velocity flow-compensation gra- 
dients combined with the shortest available TEs to reduce 
signal loss from flow-induced phase cancellation. The small 
voxels resulting from the extremely thin slices available with 
volume image acquisition further reduce signal loss from 
phase effects by limiting the effective range of motion-induced 
phase shifts across the smaller voxel. 

The result of our investigation support this earlier work, 
demonstrating excellent visualization of the larger intracranial 
arteries with the thick single-volume approach (Fig. 2A). Un- 
fortunately, as described in previous reports [6, 9], this study 
also revealed limited visualization of the smaller, more distal 
arterial structures, with venous detail almost absent with the 
single-volume technique. These findings are primarily related 
to the effects of progressive spin saturation. While the flow- 
related enhancement obtained with this method is very high 
at the point that a vessel enters the imaging volume, the 
inflowing spins undergo saturation as the blood traverses the 
region of excitation, resulting in progressively diminishing 
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contrast. A total loss of flow-related enhancement occurs 
after the flowing spins have been present within the imaging 
volume for a time period on the order of magnitude of the 
longitudinal relaxation time (T1) of blood (Fig. 4). The distance 
into the imaging volume in which contrast remains sufficient 
to visualize a vessel depends on the TR, flip angle of excita- 
tion, blood velocity, and T1 of blood. Thus, with a thick- 
volume acquisition, only rapid arterial blood flow retains suf- 
ficient flow-related enhancement to be successfully imaged 
throughout the volume, with more slowly moving venous or 
pathologically slowed arterial flow unable to span the entire 
volume before becoming sufficiently saturated to prevent 
visualization. 

Several methods can be used to minimize this progressive 
saturation of inflowing spins in TOF MR angiography. De- 
creasing the flip angle and increasing the TR both serve to 
increase the depth that inflowing spins penetrate the imaging 
volume before saturation [1]. However, an increased TR 
results in longer examinations and T1 relaxation of stationary 
tissue, while a decreased flip angle decreases the signal-to- 
noise ratio and reduces the degree of spin saturation of the 
stationary material, resulting in decreased contrast of inflow- 
ing blood to stationary tissue. In practice, the TR of 40 msec 
and flip angle of 15° used with the 64-mm single-volume 
technique in this investigation allowed arterial blood to reach 
the small, distal vessels with a relatively small degree of 
progressive spin saturation (Fig. 2A). 

Loss of visualization of more slowly flowing blood can be 
prevented by decreasing the slab thickness, allowing the 
slowly flowing spins to cross the entire volume before becom- 
ing saturated. The most effective use of this strategy is the 
acquisition of thin slices with the sequential 2-D slice tech- 
nique. The primary advantage of this method, its high sensi- 
tivity to slow flow, was demonstrated in our study in the 
excellent visualization of venous structures this method pro- 
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Fig. 4.—Spin saturation in volume techniques: inflow enhancement in 
arbitrary units (a.u.) vs partition number for perpendicular flow. While inflow 
enhancement is high in partition 1, level of enhancement decreases within 
each subsequent partition. The amount of time blood retains sufficient 
signal to be visualized (t) depends on the longitudinal relaxation time of 
blood (T1), TR, and flip angle of excitation. The distance (x) into volume 
that blood can travel during this period depends on the velocity of inflowing 
spins (v), with rapidly flowing spins traveling farther than slowly flowing 
spins during the same time. 
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vided (Fig. 2C). The diminished progressive spin saturation 
observed with these thin slices also allowed the use of a 
higher flip angle, which increased contrast between the inflow- 
ing blood and stationary tissue, and a shorter TR, which 
decreased the length of the examination. Unfortunately, al- 
though spin saturation is greatly reduced, it cannot be elimi- 
nated entirely. Its persistent effects may still be observed 
when imaging slow, in-plane blood flow (Fig. 2C). 

Although an excellent method for displaying venous flow, 
several disadvantages of the sequential 2-D slice technique 
can be noted when compared with the volume acquisition 
method. The first important distinction is the relative thickness 
of the 2DFT imaging slice (3 mm in this investigation) com- 
pared with the individual partition of the volume method (1 
mm). This results in a decrease in spatial resolution in the 
slice-select direction, most notable when MIP processing is 
performed parallel to the slices (Figs. 5A and 5B). The in- 
creased slice thickness also results in an enlarged voxel, 
which will theoretically increase the vulnerability of this 
method to signal loss from intravoxel phase dispersion in 
regions of nonuniform flow, and from magnetic susceptibility 
artifact [21]. These effects most likely explain the difficulty 
this technique demonstrated, as compared with the volume 
acquisition methods, in visualizing the supraclinoid carotid 
and primary middle cerebral artery bifurcations. 

Although the use of this technique with slices of 1.5-2 mm 
in thickness has been reported [5], achieving a thin rectan- 
gular slice profile can be difficult. To excite a thin slice with a 
reasonably rectangular profile, the slice-selective RF and gra- 
dient pulse combination must be applied over a longer time 
period. This longer pulse increases the time for flow-induced 
phase dispersion to occur in the slice-select direction, and 
prolongs the minimum attainable TE. Although gradients for 
compensation of constant-velocity flow are used to decrease 
phase dispersion, similar to those described for the volume 
method, the longer TE of the 2DFT acquisition results in a 
geometric increase in signal loss from higher-order motion 
(acceleration, jerk), further contributing to the areas of signal 
void in regions of nonuniform flow at the major vascular 
bifurcations observed in this study. 

The visualization of intracranial vasculature with the multiple 
thin-volume method in this investigation suggests that slow 
flow is imaged almost as well as with the sequential 2-D slice 
technique. Furthermore, the use of multiple thin volumes 
retains the benefits of the 3DFT acquisition scheme such as 
shorter TE, higher spatial resolution with thin partition thick- 
ness, and better signal-to-noise ratio than with the 2DFT 
sequential 2-D slice method, providing many of the advan- 
tages of these other two techniques without their limitations. 
The individual volumes must be overlapped to avoid volume 
aliasing or wraparound artifact in the slice-select direction, 
requiring increased imaging times as compared with the single 
3DFT volume and sequential 2-D slice techniques. Insufficient 
overlap can cause loss of vascular information between vol- 
umes (Fig. 5C), while higher degrees of overlap further in- 
crease total examination time (Fig. 5D). The potential exists 
for misinterpretation at the site of the junctional artifact that 
may occur at these boundaries owing to loss of vessel 
definition and artifactual vascular discontinuity, especially 
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Fig. 5.—Lateral maximum-intensity-projection reconstruction. 

A, Single-volume method. The 1-mm partition thickness results in 
smooth-appearing, sharply defined vessels. 

B, Sequential 2-D slice method. Thicker slices of this technique, with 
effective 2-mm resolution in slice-select direction, result in somewhat 
blurred vessels with staircase appearance of oblique vessels. 

C, Multiple thin-volume method (different subject, five 32-mm-thick 
volumes). Slightly different technique with inadequate overlap between 
adjacent volumes reveals a junctional artifact with variation in background 
and vascular signal where contiguous volumes meet. 

D, Multiple thin-volume method (same subject as in A and B). With 35% 
overlap, minimal variation in arterial and background signal is noted at 
junctions of adjacent volumes. Junctional artifact is still noted within 
venous structures owing to spin saturation effects (arrows; see text). Use 
of 1.5-mm partition thickness in this subject results in some blurring of 
vessels as compared with single-volume technique (A). 


when small structures such as aneurysms are being sought. 
This source of error can best be minimized by reconstructing 
and evaluating each thin volume separately when an area of 
Clinical interest or apparent abnormality falls at the junction of 
two volumes. While an overlap of approximately 35% was 
necessary in this investigation owing to a nonrectangular 
volume excitation profile, the appropriate degree of overlap 
will vary with optimization of the RF profile (Lewin et al., 
RSNA, November 1989; Parker et al., SMRM, August 1990). 

The effects of persistent spin saturation in the multiple thin- 
volume method were still noted in this investigation as a 
difference in contrast of slowly flowing blood at the junction 
of adjacent volumes, where the entry slice partition of one 
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volume meets the exit slice partition of the next (Fig. 5D). 
Progressive spin saturation can also be seen with slowly 
flowing blood in vessels coursing for a distance within the 
thin volume, observed in the slightly poorer visualization of 
venous structures when compared with the sequential 2-D 
slice technique. This effect may be noted with the draining 
veins of a vascular malformation as well [9]. 

Better visualization of the small, distal branches of the 
posterior cerebral artery with the single-volume technique 
than with the multiple thin-volume method, noted in 13 sub- 
jects in this study, can be explained by examining the effects 
of progressive spin saturation in these vessels. Unlike the 
middle cerebral arteries, which course through several vol- 
umes in the multiple thin-volume technique, the basilar and 
posterior cerebral arteries reside almost entirely in the low- 
ermost volume of the multiple-volume technique in the major- 
ity of subjects. Thus, no decrease in spin saturation would be 
expected with the acquisition of multiple volumes. Further- 
more, the shorter TR and higher flip angle of the multiple thin- 
volume method act to increase the effects of spin saturation 
within each individual thin volume. These findings suggest 
that the use of a longer TR and lower flip angle may be 
justified with this technique when a large component of in- 
plane flow is anticipated. 

The findings of this study suggest that artifacts in TOF MR 
angiography depend on the method used. When motion oc- 
curs between the sequential acquisitions of the sequential 2- 
D slice or multiple thin-volume techniques, a discontinuity in 
the vessels at that level can be seen (Fig. 6), as was noted in 
one study with each of these two methods. When motion 
occurs during a 3DFT acquisition, it is spread throughout the 
entire volume during the 3DFT and results in an overall 
degradation in image quality without a focal artifact. Although 





Fig. 6.—Discontinuity artifact. Motion occurring between slices in a 
sequential 2-D slice acquisition results in misregistration during recon- 
struction. Multiple artifactual discontinuities are noted (arrows), along with 
appearance of two superior sagittal sinuses (arrowheads). 
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this was not noted in this study population of healthy volun- 
teers, the motion encountered with less cooperative patients 
in the clinical setting may result in this type of reduction in 
image quality. 

In summary, signal loss from progressive saturation of 
inflowing spins is a general problem of TOF MR angiographic 
techniques that cannot be eliminated. The results of this effect 
on image quality, however, can be partially controlled through 
use of thinner imaging volumes or 2-D slices, with further 
reduction through the appropriate selection of flip angle, TR, 
and slice or volume orientation. The available TOF MR angio- 
graphic methods demonstrate different imaging characteris- 
tics, with high-resolution depiction of the proximal arterial 
circulation without discontinuity or signal void best provided 
with both the single thick-volume and multiple thin-volume 
methods, small-vessel visualization best obtained with the 
improved inflow of the multiple thin-volume technique, and 
venous structures best displayed with the sequential 2-D slice 
technique. The direct comparison in this investigation was 
limited by the use of a 1-mm partition thickness for the single 
three-dimensional volume, 1- or 1.5-mm thickness for the 
multiple thin-volume, and 3-mm slice thickness for the se- 
quential 2-D slice technique. However, as these different 
thicknesses reflect those often present in the clinical applica- 
tion of these methods, the findings of this study nonetheless 
suggest that the evaluation of large vessels at the base of 
the brain, as might be necessary for investigation of a circle 
of Willis aneurysm or large vessel occlusive disease, can best 
be performed with the single-volume or multiple thin-volume 
technique. The examination of more distal arterial vasculature 
or somewhat slower flow, as required for evaluation of an 
arteriovenous malformation or the search for a peripheral 
aneurysm, can best be performed with the multiple thin- 
volume technique. Evaluation of venous sinus thrombosis, 
draining veins of an arteriovenous malformation, or other 
venous disease can best be performed with the sequential 2- 
D slice technique. 

While trials in the clinical setting are necessary to further 
delineate the differential characteristics of these techniques 
in the presence of disease, our preliminary findings suggest 
that the diagnostic value of intracranial TOF MR angiography 
can be maximized through tailoring the angiographic method 
to the suspected abnormality based on the requirements for 
spatial resolution and slow-flow sensitivity, as suggested by 
the clinical history or prior imaging studies. 
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Book Review 





Merrill’s Atlas of Radiographic Positions and Radiologic Procedures, vols. 1-3, 7th ed. By Philip W. Ballinger. 
St. Louis: Mosby-Year Book, 1562 pp., 1991. Vol. 1, $59.95; vols. 2 and 3, $57.95 each; set (vols. 1-3), $149.95 


This three-volume atlas is the seventh edition of what is clearly the 
standard work on radiography in the United States. The format is 
similar to that of the last edition. Volume 1 covers fundamentals of 
radiography; radiation protection; positioning terminology; radiogra- 
phy of the limbs, vertebral column, thorax, and viscera; bone meas- 
urement; arthrography; trauma; and localization of foreign bodies. 
Volume 2 deals with the alimentary canal and appendages, genito- 
urinary system, skull, facial bones, paranasal sinuses, and temporal 
bone. Volume 3 describes radiologic procedures and subspecialty 
techniques and includes pediatric radiography, tomography, mam- 
mography, imaging of the CNS, imaging of the circulatory system (all 
angiography, including heart), CT, computed radiography, digital sub- 
traction angiography, MR imaging, sonography, nuclear medicine, 
positron emission tomography, radiation oncology, and quality assur- 
ance. 

Changes include considerable improvement in anatomic terminol- 
ogy (Summarized on the last three pages of each volume), introduced 
throughout the text as a result of the changes in the Nomina Anatom- 
ica (sixth edition, 1989). The quality of many of the photographs that 
show positioning has been improved, particularly in volume 1, by a 
decrease in the density of the backgrounds. The author states that 
the terms “position and projection have been changed to reflect the 
terminology adopted by The American Registry of Radiologic Tech- 
nologists.” Although the definitions are clear, their application still 
remains confusing. At least, however, the useless and incorrect term 
view is now passé. 

The labeling of radiographs and other images to indicate anatomic 
structures is good to excellent. Unfortunately, the anatomic descrip- 
tive sections are still not detailed enough for this to be used as an 
anatomic text by radiography students. As in the sixth edition, English 
and metric measurements are used and have been included wherever 
possible. The phase of respiration during which exposure should be 
made has been incorporated throughout, and the format has been 
standardized. A further major improvement is the placement of run- 
ning heads on the edges of the pages so that the reader may more 
quickly find a chapter or specific position. 


The three volumes contain 2409 figures, 2987 illustrations, and 
1562 pages. The radiography portions (volumes 1 and 2) have some 
reference citations, and volume 3 has additional bibliographic lists at 
the ends of some chapters. Each of the three volumes has a bibli- 
ography at the end of the volume, so the reader has three places to 
look for a specific reference. Further, many of the described methods, 
projections, and positions are not referenced (although named). The 
decision made for the sixth edition to eliminate from the bibliographies 
all references published before 1964 (why not 1950 or 19707?) has 
been continued in this edition. The references are listed alphabetically 
by year and by subject. For the next edition, complete referencing 
when an eponym is used for a specific projection or position, no 
supplemental bibliographies, and alphabetical listings by author would 
continue the practical and archival value that this work has had in the 
past. 

In a work of such mammoth size and scope, errors are inevitable. 
They include misplaced arrows, incorrect labels, reversed and upside- 
down figures, and confusion in terms. For example, use of the word 
“technic” when what is really meant is exposure factors is a basic 
confusion, which | hope will be corrected in the next edition. | also 
take exception to the statement that bowel preparation is ordered by 
a “medical facility” instead of making it clear that a physician is 
responsible for such orders. 

The discussion of radiographic identification does not include all 
the elements commonly used. The name of the facility; date; patient's 
name, sex, age (or birthdate), identification number; radiographer’s 
number; and correct identification of the patient's right or left side are 
minimum requirements. For medicolegal reasons, these are important 
and imperative considerations. 

In all, these three volumes still are the major reference on radiog- 
raphy for American radiologists and continue to be the premier 
textbooks for the radiographer both in the classroom and in the 
Clinical radiographic room. 


Theodore A. Tristan 
Camp Hill, PA 17011-2837 
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Commentary 





MR Angiography: Reaching Adolescence 


Andrew W. Litt’ 


Adolescence can be defined as the period between child- 
hood and adulthood during which a person attains complete 
growth and maturity. The rapid change of the early years is 
gone, and the individual's features assume their adultlike 
state, and yet, continuous, often even monumental, transfor- 
mation and development still occur. Moreover, the growth 
from child to adult is not equal in all aspects of the individual. 
Some parts will attain maturity before others. This time of 
transition is not effortless. The questions posed by the ado- 
lescent are most challenging. Indeed, the reality faced by the 
individual at this stage is probably more complex and ambig- 
uous than at any other time. 

Medical technology can be thought of as an entity that 
develops through a series of stages in a manner similar to 
that of humans. Progression occurs from early experimenta- 
tion and development, to application and verification, and, 
finally, to acceptance and use. MR angiography is certainly 
entering the second stage, the adolescence, of technologic 
development. Since the advent of MR imaging, flow phenom- 
ena and imaging not only of the vasculature of the body but 
also of the flow within its vessels have been subjects of great 
interest [1-3]. The last several years have seen a multitude 
of papers describing various techniques for MR angiography. 
All have been based on either time-of-flight or phase-contrast 
flow effects, and a prodigious effort has been made to modify 
and improve the methods. In addition to the developments in 
sequence design and data acquisition, considerable thought 
and effort have been directed toward postprocessing meth- 
ods and display alternatives. 

The results of this activity have been translated into several 
commercially available “packages” for performing MR angiog- 
raphy. The wide availability of these methods on MR systems 
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This article is a commentary on the preceding article by Lewin and Laub. 


has piqued the interest of referring clinicians and stimulated 
demand for this technology, despite the limited clinical data 
available about the value and appropriate use of MR angiog- 
raphy. This technology, driven by enthusiastic radiologists 
and interested clinicians, is trying to skip adolescence. 

At the same time, a flurry of reports detailing new twists in 
the technology continues unabated. Although this research is 
in the best long-term interest of technologic development, it 
poses an impediment to any sound effort to assess the value 
of the technology, its appropriate application, and its pitfalls 
and limitations. Still, this type of analysis and assessment is 
precisely the kind that is essential for MR angiography to 
develop and mature into a useful and clinically valuable tech- 
nology. 

The article by Lewin and Laub [4] in this issue of the AJR 
is a clear example of the direction our ongoing investigation 
into MR angiography must take in the next several years. The 
authors have carefully analyzed the value of three different 
time-of-flight MRA techniques used to evaluate the intracra- 
nial vasculature in healthy volunteer subjects. The results, 
though somewhat predictable on the basis of the known 
characteristics of the technique used, are nonetheless impor- 
tant in directing future clinical applications of each of these 
techniques. The proximal arterial circulation is best seen with 
the single thick-volume and multiple thin-volume three-dimen- 
sional Fourier transformation (3DFT) methods; the distal ar- 
terial branches are best appreciated by using the multiple 
thin-volume 3DFT technique; and the venous circulation is 
best visualized using a sequential two-dimensional Fourier 
transformation method. 

The most important conclusions to be drawn from this work 
are that examination of the intracranial vessels will need to 
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be clinically “tailored” by the radiologist supervising the study 
and that more than one angiographic pulse sequence will 
have to be available as part of any package. The design of 
the clinical MR angiographic examination may depend not 
only on the clinical data available before the study but also 
on the results of any initial routine MR imaging sequences. It 
follows that the radiologist must know both the pathologic 
possibilities implied by the patient's clinical presentation and 
routine imaging studies and the potential value of the various 
MR angiographic sequences in order to make a rational 
selection of the appropriate MR angiographic technique. 

Another important contribution Lewin and Laub have made 
is their analysis of the artifacts and related pitfalls innerent in 
each method. These factors too, will determine the appropri- 
ate imaging technique for a clinical situation. 

The next stage in the growth of MRA toward maturity 
should be the application of specific techniques to appropriate 
Clinical questions. Although some reports [5, 6] have de- 
scribed the use of MR angiography in patients with suspected 
intracranial vascular pathologic changes no systematic at- 
tempt has been made to apply and evaluate various tech- 
niques relative to different diseases. An approach of this sort 
in patients with aneurysms, arteriovenous malformations, and 
other vascular lesions will allow us to select the appropriate 
method for studying patients suspected of or known to have 
these entities. Equally important is the application of several 
different MR angiographic techniques in the same groups of 
patients, which may have the added benefit of uncovering 
information that is novel or unique and not currently available 
with contrast angiography. The goal of a new technology 
must be not only to replace an older method but also to add 
to our understanding of the disease process and how it affects 
the patient we are studying. 

The verification of MR angiographic techniques as com- 
pared with the gold standard, conventional contrast angiog- 
raphy, should occur simultaneously with the application of 
different techniques to the various clinical problems. These 
comparative studies have already begun to appear with re- 
gard to MR angiography of the extracranial carotid arteries 
[7, 8] and, to a lesser degree, of the intracranial vasculature 
[6]. Before we can unequivocally recommend MR angiogra- 
phy of the intracranial vessels to our clinical colleagues, 
additional comparative studies must be performed. These 
studies must be focused on applying the best technique 
available to the individual clinical problem and on recognizing 
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potential pitfalls as the pitfalls relate to specific diagnoses. 
The excitement of referring clinicians will rise from our own 
enthusiasm and from the first good images, but routine ac- 
ceptance by clinicians will materialize only when we have truly 
demonstrated the value of our efforts. Moreover, the attention 
of the government and other third-party insurance carriers to 
the development and appropriate use of MR angiography and 
other medical technology is increasing. Thus, we also must 
be prepared to document the efficacy and usefulness of MR 
angiography in terms of patient care and procedure costs. 

Studies of the type described before can be somewhat 
frustrating because they tend to use MR angiographic meth- 
ods that may already have become outdated by the time a 
study ends. This is as it should be, for the effort to extend 
our technologic capabilities will always be ongoing. As the 
analogy of human development implies, even the mature adult 
continues to grow and develop throughout life. Likewise, any 
technology that has reached the stage of acceptance and 
use is not doomed to stagnation but should continue to 
advance. It is efforts like those of Lewin and Laub that will 
most likely translate directly into better diagnosis and care 
over time. We have only started to witness the great potential 
that MR angiography offers in the diagnosis of intracranial 
vascular abnormalities. 
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CNS Sarcoidosis: Evaluation with 
Contrast-Enhanced MR Imaging 





Reports of findings on unenhanced MR images and contrast-enhanced CT scans in 
patients with intracranial sarcoidosis have suggested that MR imaging without contrast 
enhancement may miss meningeal involvement, which is a frequent and prominent 
finding in neurosarcoidosis. We studied 14 patients with CNS sarcoidosis with T1- and 
T2-weighted pre- and postcontrast sequences and T1-weighted postcontrast se- 
quences. Eight of 12 patients with intracranial sarcoidosis and one of two with spinal 
sarcoidosis had meningeal involvement that was not apparent on the unenhanced scans. 
Eight of 12 patients had intraaxial areas of high signal intensity on T2-weighted images, 
although only two of these lesions enhanced. Three patients had enhancing extraaxial 
masses mimicking meningiomas on postcontrast T1-weighted images. In two patients, 
the lesions decreased markedly in size after steroid treatment. In one patient with 
sarcoidosis of the optic nerve, the lesion decreased in size and the patient’s vision 
returned to normal after Cytoxan therapy. In five of 14 patients, CNS findings were the 
initial clinical manifestation of the disease. In nine of 14 patients, the diagnosis of 
neurosarcoidosis was suggested only after administration of contrast agent. 

Use of gadopentetate dimeglumine greatly enhances the sensitivity of MR imaging in 
the detection of CNS sarcoidosis. 


AJNR 12:1227-1233, November/December 1991; AJR 158:391-397, February 1992 


Symptomatic involvement of the CNS has been reported in 5% of patients with 
sarcoidosis, although autopsy results indicate that neurologic involvement is more 
common [1-3]. Neurosarcoidosis may be the presenting manifestation of this 
idiopathic granulomatous disease [1, 3], and CNS involvement may include men- 
ingeal disease, cranial neuropathy, hypothalamic and pituitary dysfunction, and 
both intra- and extraaxial masses [1, 3-6]. Although response to therapy is variable 
[1, 3, 5, 6] and few patients die from sarcoidosis, CNS involvement is one of the 
more common causes of sarcoid-related mortality [7]. Medical or surgical therapy 
can be palliative [1, 3, 5, 6, 8]. 

Reports of unenhanced MR imaging and contrast-enhanced CT [5, 8-11] have 
suggested that MR without contrast enhancement may miss meningeal involve- 
ment, which is a frequent and prominent finding in neurosarcoidosis. We report 
here the appearance of CNS sarcoidosis on contrast-enhanced MR images in 12 
patients with intracranial involvement and two patients with spinal cord involvement. 
In our series, the addition of contrast material greatly enhanced the sensitivity of 
MR in the detection of CNS sarcoidosis and helped to evaluate patients’ response 
to therapy. 


Materials and Methods 


Over the course of 1 year 14 patients, 18 to 57 years old, with a preexisting or subsequent 
diagnosis of CNS sarcoidosis, were studied on a 1.5-T GE superconductive magnet with 
both T1-weighted, 600/20 (TR/TE), and spin-density T2-weighted (2800/30,80) axial, sagittal, 
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and, in some cases, coronal sections through the whole brain and/or 
spinal cord. T1-weighted images were also obtained after IV admin- 
istration of gadopentetate dimeglumine (Berlex) (0.1 mmol/kg). Di- 
agnosis was based on positive brain or spinal cord biopsy results in 
four cases, other tissue biopsy results in four cases, and on charac- 
teristic chest radiographic findings of pulmonary, hilar, and medias- 
tinal sarcoidosis in six cases (see Table 1). 


intramedullary en- 
hancement 


Results 


| Eight of 12 patients with intracranial sarcoidosis and one 
of two patients with spinal sarcoidosis had meningeal involve- 

ment, which was not apparent on the unenhanced scans (Fig. 

1). Seven of 12 patients had intraaxial areas of high signal 

S02 intensity in the cerebellum, internal capsule, and gray-white 

: #a,3 junction, on T2-weighted images, which did not enhance after 

£ F 5 S contrast administration (Fig. 2). Eight patients had enhancing 

m lesions that were not apparent, or were poorly seen on 
unenhanced scans; these included one patient with optic 


58 d 2 k 5 nerve enhancement (Fig. 3), two with parenchymal and one 
Bases 8 = with ependymal lesions (Fig. 4), and three with enhancing 
o S FE % S hypothalamic lesions (Fig. 5). Three patients had enhancing 
2s Te 8 i extraaxial masses mimicking meningiomas on postcontrast 


T1-weighted images (Figs. 3 and 6). On unenhanced T2- 
weighted images, these lesions were of very low intensity. 
One patient presented with dementia and had hydrocephalus 
(Fig. 7). In addition, two patients had vasogenic edema (Fig. 
6). Of the two patients with spinal sarcoidosis, one had 
enlargement of the cervical cord noted on the unenhanced 
scan with enhancement of the cord on postcontrast images 
(Fig. 8); the other had plaquelike enhancing thickening of the 
pia at the level of the conus, with no definite abnormality 
identified on the unenhanced study. Superior sagittal sinus 
thrombosis, a rare complication of sarcoidosis [5], was noted 
in one case (Fig. 2). 


mass. cervical 


intramedullary 
cord 


Discussion 


Sarcoidosis is a systemic granulomatous disease of un- 
known origin that affects the CNS in 5% of cases [1-3]. 
Manifestations of the disease on unenhanced MR images 
have been reported [9, 10]. Recently, several reports have 
emphasized the sensitivity of MR imaging to the detection of 
meningeal disease (Ross MR et al., paper presented at the 
annual meeting of the Radiological Society of North America, 
Chicago, November 1989, and [12]). Since meningeal involve- 
ment in sarcoidosis is common, we hypothesized that the 
addition of gadopentetate dimeglumine would greatly en- 
hance the sensitivity of MR in the detection of CNS sarcoid- 
osis. Our study confirmed this hypothesis. Indeed, eight of 
our 12 patients with intracranial sarcoidosis and one of the 
two patients with spinal sarcoidosis had meningeal involve- 
ment that was not apparent on the unenhanced scans. The 
detection of meningeal enhancement immediately narrows 
the differential diagnosis to a few conditions, including bac- 
terial, viral, lymphomatous, or carcinomatous meningitis, 
many of which may be diagnosed by lumbar puncture. The 
CSF findings in patients with sarcoidosis, even in the presence 
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Fig. 1.—Case 4: 29-year-old man with suspected encephalitis. 


A, Axial unenhanced T2-weighted image shows nonspecific foci of high signal intensity at gray-white junction (arrows). 
B, Axial unenhanced T1-weighted image reveals prominent suprasellar soft tissue. 
C, Axial postcontrast T1-weighted image shows diffuse marked enhancement of leptomeninges. 





Fig. 2.—Case 3: 42-year-old woman with altered mental status. 





C 


A, Axial unenhanced T2-weighted image shows mass with increased signal intensity in left cerebellum. Note lack of flow void and flow artifact in 


superior sagittal sinus (arrow). 


B, Axial postcontrast T1-weighted image shows marked enhancement of meninges. No flow in superior sagittal or transverse sinus. Note lack of 


enhancement of left cerebellar hemisphere. 


C, Axial postcontrast T1-weighted image shows enhancing intraaxial lesion and meningeal enhancement in interhemispheric fissure. Repeat contrast- 
enhanced imaging showed resolution of the enhancing extraaxial lesion after a course of steroid therapy. 


of meningeal enhancement, are nonspecific and tissue biopsy 
is necessary for definitive diagnosis. This can usually be 
obtained from sites such as the lacrimal gland, peripheral 
lymph nodes, or, rarely, the mediastinum or meninges. 
Occasionally, meningeal enhancement may be due to hy- 
peremia associated with dural sinus thrombosis (Ross MR et 
al., paper presented at RSNA, November 1988). We believe 


this to be the case in our patient with superior sagittal sinus 
thrombosis, since results of the biopsies of the meninges 
were negative while results of the cerebellar biopsy revealed 
noncaseating granulomata. 

While the characteristic pathologic changes of sarcoidosis 
consist of noncaseating granulomata containing macro- 
phages, epithelioid cells, and multinucleate giant cells, necro- 
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Fig. 3.—Case 5: 25-year-old woman 
with loss of vision in left eye. 

A, Axial postcontrast T1-weighted 
image shows enhancement and thick- 
ening of intracanalicular and proximal 
intraorbital optic nerve (straight arrow) 
and enhancing extraaxial mass along 
greater wing of right sphenoid (curved 
arrow). 

B, Oblique parasagittal postcontrast 
T1-weighted image confirms thicken- 
ing and enhancement of left optic nerve 
(arrow). 


Fig. 4.—Case 9: 57-year-old man with hearing loss and tinnitus in right ear. 
A, Axial postcontrast T1-weighted image shows enhancing 1-cm lesion in right middle 
cerebellar peduncle bulging into right cerebellopontine angle at the emergence of cranial nerve 


Vill. 
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Fig. 5.—Case 1: 18-year-old woman with amenor- 
rhea. Sagittal postcontrast T1-weighted image shows 
punctate enhancement of hypothalamus. 


B, Axial postcontrast T1-weighted image shows enhancement of ependyma of left temporal 


horn. 


sis can mimic caseation, presenting problems in diagnosis. 
Such a problem was encountered in case 5, a patient in whom 
biopsy results of an extraaxial right temporal mass revealed 
necrotizing granulomas consistent with tuberculosis or sar- 
coidosis. All cultures and special stains were negative for 
acid-fast bacillus, and the patient improved on steroids. 

The presence of abnormal areas of high signal intensity on 
T2-weighted images at the gray-white junction, as seen in 
seven of our patients, is a nonspecific finding that by itself is 
not characteristic of CNS sarcoidosis. The combination of 
such findings with meningeal enhancement or with lesions in 
the hypothalamus should suggest the diagnosis of sarcoido- 
sis. In our series, enhancement of intraaxial lesions was 


uncommon (two of 12). In one patient in whom a biopsy of 
high-intensity nonenhancing lesion was done, noncaseating 
granulomata characteristic of sarcoidosis were encountered. 
Thus, while meningeal involvement with sarcoidosis often 
results in enhancement, the intraparenchymal lesions en- 
hance more rarely. 

Involvement of the hypothalamus and the pituitary stalk is 
characteristic of CNS sarcoidosis. Thickening of the hypo- 
thalamus may be apparent on the unenhanced study, but the 
lesion is more obvious on the postcontrast study when en- 
hancement of the hypothalamus is seen. 

Extraaxial masses in patients with CNS sarcoidosis may 
appear indistinguishable from other extraaxial lesions such as 
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Fig. 6.—Case 7: 41-year-old man with speech problems. 


A, Axial postcontrast T1-weighted image shows enhancing mass in left cavernous sinus. Note previous left-sided craniotomy for biopsy. 
B, Axial unenhanced T2-weighted image shows mass of low signal intensity in cavernous sinus. Note extensive vasogenic edema. 
C, Axial postcontrast T1-weighted image obtained after steroid treatment. Note marked decrease in size of extraaxial lesion. The edema also showed 


a marked decrease on T2-weighted images (not shown). 


X i ? g 


Fig. 7.—Case 6: 32-year-old man with dementia. 


A, Axial unenhanced T2-weighted image shows slight enlargement of ventricles and increased signal 


intensity of both internal capsules (arrows). 


B, Axial postcontrast T 1-weighted image confirms hydrocephalus. Note enhancement of hypothalamus 





Fig. 8.—Case 14: 56-year-old woman with 
quadriparesis. Sagittal postcontrast T1- 
weighted image shows enhancing intramedul- 
lary mass mimicking a neoplasm. 


and pia around brainstem. Sagittal postcontrast T 1-weighted image (not shown) confirmed enhancement 


of hypothalamus and leptomeninges. 


meningiomas, lymphoma, metastasis, or syphilis. However, 
our study suggests that these lesions may have a character- 
istic, very low signal intensity on T2-weighted images, which 
may suggest the correct diagnosis. Heavily calcified menin- 
giomas, of course, could have a similar appearance. 

Even though it was retrospective, our study provides some 
information about the response of CNS sarcoidosis to treat- 
ment. Four patients in our series had repeat studies after 
steroid therapy. Corticosteroids constitute the most common 
treatment for sarcoidosis. The disease often responds initially 


to high doses but may recur as dosage is tapered. The 
extraaxial lesions as well as the adjacent edema can dramat- 
ically decrease in size following steroid treatment (Figs. 6C 
and 6D). Occasionally, the disease is resistant to high-dose 
steroids, or treatment needs to be interrupted owing to com- 
plications of the therapy. In such extreme cases, immunosup- 
pressive drugs such as cyclophosphamide may be used. In 
one of our patients, with infiltration of the optic nerve and 
almost complete loss of vision despite high-dose steroid 
treatment, vision returned to normal following cyclophospha- 
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mide treatment. Simultaneously, infiltration of the optic nerve 
dramatically diminished and a contralateral extraaxial mass 
also almost completely resolved. Thus, MR imaging offered 
an objective measure of the patient’s response to therapy. 

Involvement of the cranial nerves is a rare complication of 
CNS sarcoidosis, with peripheral involvement of the 7th nerve 
the most common site. The optic nerve and the chiasm can 
also be involved. Cavernous sinus involvement may second- 
arily affect the cranial nerves coursing in the cavernous sinus. 
Contrast-enhanced MR imaging can provide, for the first time, 
evidence of sarcoid infiltration of the optic nerve (by demon- 
strating enhancement of the optic nerve) in the absence of 
morphologic changes. However, enhancement of the optic 
nerve is not specific for sarcoidosis and can be seen in optic 
neuritis with or without other findings of multiple sclerosis, 
syphilis, cryptococcosis, and radiation-induced optic neuritis 
[12]. Hearing loss in patients with CNS sarcoidosis can result 
from infiltration of the meninges in the imernal auditory canal 
or from intraaxial lesions in the brainstem. MR imaging can 
easily differentiate between these two conditions (Mark AS 
et al., paper presented at the annual meeting of the Radiolog- 
ical Society of North America, Chicago, November 1990). 

In this series, we found that the addition of contrast agent 
increased the sensitivity of MR imaging in the detection of 
CNS sarcoid lesions, permitting the detection of meningeal, 
parenchymal, optic nerve, and ependymal sarcoid lesions not 
seen on unenhanced MR scans. If the diagnosis of sarcoidosis 
can be made on the basis of clinical and imaging information, 
a CNS biopsy may be unnecessary. For cases in which a 
CNS biopsy cannot be avoided, contrast-enhanced MR im- 
aging may indicate an optimal site for biopsy by identifying a 
region of active parenchymal or meningeal granulomata. MR 
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imaging with and without contrast medium may also provide 
a noninvasive means of monitoring patients’ response to 
therapy. We recommend that contrast agent be used routinely 
in patients in whom CNS sarcoidosis is suspected, especially 
if the unenhanced studies are normal or nonspecific. 
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Book Review 





Nuclear Radiology (Fourth Series). Test and Syllabus. Section editor: James H. Thrall. Reston, VA: American 


College of Radiology, 684 pp., 1990. $175 


This text has a unique format: The reader is first presented with a 
series of 34 cases covering a variety of pathologic changes. Each 
case is followed by a series of two to three related questions that 
can be answered on a response form and returned to the American 
College of Radiology for 20 hr of continuing medical education credit. 
The rest of the text is organized into 34 sections, each of which 
reviews an actual case and related questions. Each of the cases is 
discussed in terms of differential diagnosis and follow-up, and related 
topics are addressed. Frequently, the role of correlative imaging is 
also addressed. 

The text is well illustrated although the quality of the examples in 
some cases is less than that of current standards. For example, the 
section on myocardial ischemia contains only planar perfusion im- 
ages, which when printed are of marginal quality. Editorially, the text 
is well composed, although it has a few errors. For example, the 
index lists page 509 as a discussion on renal disease, but the page 
deals with the gallbladder. The book has unique sections on decision 


analysis and radiation safety that offer practical advice on analyzing 
published data and on addressing safety concerns. 

The text obviously does not attempt to be a general reference 
source by itself, and this is so stated in the chairman’s preface. For 
example, no mention is made of venography, captopril renography, 
peripheral vascular evaluations, single-photon emission computed 
tomography bone scintigraphy, or myocardial positron emission 
tomography. 

In summary, the authors have done an excellent job of presenting 
a wealth of clinical material in a challenging and stimulating format. 
Each of the sections is well referenced, and the text should be a 
prime review reference for trainees and a useful source of differential 
diagnostic information for practitioners of nuclear medicine. 


Michael E. Siegel 
University of Southern California 
Los Angeles, CA 90033 
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Radiation Necrosis vs High-Grade 
Recurrent Glioma: Differentiation by 
Using Dual-lsotope SPECT with 7°'TI and 
°™Tc-HMPAO 





Conventional imaging techniques are often unreliable in distinguishing between ra- 
diation necrosis and recurrent glioma in patients who are symptomatic after high-dose 
radiotherapy. We performed dual-isotope single-photon emission computed tomography 
(SPECT) with the use of thallium-201 (7°'Tl) and the perfusion agent *°"Tc-hexamethyl- 
propyleneamine oxime (HMPAO) to aid in this differentiation in 15 patients with glioma 
prior to biopsy. We found that dual-isotope SPECT scanning correlated with the patho- 
logic findings in 14 of the 15 cases. All patients with high *°'TI uptake in their treated 
tumor beds had local tumor recurrence, and all patients with low ™'TI uptake showed 
only radiation changes without evidence of solid tumor. In patients with an intermediate 
level of *°'TI concentration in their tumor bed, °°"Tc-HMPAO uptake differentiated those 
patients with active tumor from those without; three of four patients with preserved or 
increased perfusion had pathologic evidence of solid tumor, whereas none of the four 
patients with decreased perfusion to the tumor bed had evidence of local recurrence. 

We believe that dual-isotope SPECT with *°'Tl and °°"Tc-HMPAO may be useful in 
differentiating sites of likely tumor growth from nonspecific radiation changes in patients 
treated for malignant glioma. 


AJNR 12:1187-1192, November/December 1991; AJR 158:399-404, February 1992 


In the months following radiation therapy for high-grade gliomas, patients often 
have clinical deterioration due to either radiation necrosis or recurrent tumor 
progression in the treatment field [1-3]. The distinction between these entities 
would be helpful in designing and implementing further treatment. However, tumor 
and radiation necrosis can appear identical on CT and MR examinations [4-6]. The 
preoperative identification and localization of sites of likely tumor recurrence would 
be of great importance in avoiding sampling errors during biopsy that can limit the 
accuracy of diagnosis [1, 7]. Positron emission tomography (PET) has been shown 
to be effective in differentiating glioma from radiation necrosis [6, 8-10]. However, 
PET technology is very expensive and available in only a few centers. 

Thallium-201 (°°'Tl), a potassium analogue, has been used to localize and 
characterize gliomas with both planar and single-photon emission computed to- 
mography (SPECT) imaging [11-14]. However, uncertainty may arise in cases of 
treated glioma, in which modest thallium uptake can represent either recurrent 
tumor or radiation change. We predicted that imaging with a perfusion agent such 
as *™Tc-hexamethylpropyleneamine oxime (HMPAO) would add additional infor- 
mation that would assist in making this distinction. 

We performed high-resolution dual-isotope SPECT imaging with *°'TI and °°"Tc- 
HMPAO in 15 patients with high-grade gliomas who developed progressively 
worsening symptoms after radiation therapy. These images were correlated with 
CT scans in order to provide stereotaxic three-dimensional coordinates for biopsies. 
The biopsy results were compared with the findings on SPECT in each case. 
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Subjects and Methods 
Subjects 


Fifteen consecutive patients 9-65 years old (mean, 43 years) were 
evaluated for suspected recurrent high-grade glioma from August 
1989 through January 1990. Each patient had been initially diagnosed 
with high-grade astrocytoma, and the tumor had been debulked 
surgically. Fourteen subsequently were treated with 5940 cGy of 
external-beam radiation. Of these patients, nine received additional 
brachytherapy with iodine-125 radiation implants, and two received 
stereotaxic photon-beam radiosurgery to the tumor. One patient 
received two sets of implants (iodine-125 and iridium-193) without 
prior external-beam therapy (see Table 1). 

All patients had deteriorating symptoms between 1 and 14 months 
after radiation therapy and had abnormal CT and MR scans. Each 
patient had a dual-isotope SPECT scan 1 day before biopsy and 
resection. 


Imaging Protocol 


On the day before the scheduled biopsy, brain SPECT was per- 
formed with the ASPECT brain imager [15]. Three cobalt-57 markers 
(5 „Ci [185 kBq]) were placed over three constant scalp positions to 
assist in positioning and to ascertain patient motion between SPECT 
studies. After IV injection of 3 mCi (111 MBq) of *°'Tl-chloride, the 
subjects were positioned in the ASPECT brain imaging system. Data 
were acquired by using a pulse-height analyzer window centered at 
the 74- to 80-keV photopeak. After acquisition was completed, and 
without moving the patient, °’"Tc-HMPAO (15-20 mCi [555-740 
MBaq]) was injected IV. Two pulse-height analyzer windows were 
used, one set at 140 + 14 keV and one set to acquire scatter 
information from 112 to 126 keV. The reconstructed slices were 
displayed as a set of 16 images (5.0-mm slice thickness) and with a 
resolution of 8.2 mm at the center of the image [12]. Coronal, sagittal, 
and rotating three-dimensional displays were calculated for these 
slices. 

CT images were obtained by using a Siemens Somatom unit 
(Siemens Medical Systems, Iselin, NJ) on the morning of the sched- 
uled biopsy. A Brown-Roberts-Wells head frame (Radionics, Inc., 
Burlington, MA) was placed on the patient before the CT scan, and 
scans were obtained after the injection of 100 mi of IV contrast 
material. The scan plan was the same as for the SPECT scans, 
parallel to the orbitomeatal line. Sequential 8-mm-thick scans were 
obtained. 


Data Analysis 


The *°'Tl and °°" Tc-HMPAO transaxial image sets from each study 
were assessed visually for abnormal regional tracer uptake. Maximal 
20T] uptake was judged to be moderate or low relative to the maximal 
scalp uptake in the contralateral hemisphere, according to a *°'TI 
lesion-to-scalp ratio (low = <1.0, moderate = 1.0-2.0, high = >2.0). 
A region of interest was drawn around the region of maximal 7°'TI 
tracer uptake, then transferred to the corresponding image on the 
°"T¢-HMPAO data set by using a specialized computer graphic 
system. Local perfusion was judged to be increased, similar, or 
decreased relative to perfusion in that region in the contralateral 
hemisphere after accounting for the effects of local distortion due to 
the lesion. The position of the site of maximal *°'Tl uptake was then 
localized on the corresponding CT image, which in turn was used 
intraoperatively to direct the biopsy or resection. The Brown-Roberts- 
Wells head frame system provided stereotaxic coordinates for biopsy. 


AJR:158, February 1992 


Pathologic Analysis 


Tissue samples obtained by stereotaxic biopsy and en bloc resec- 
tion were oriented, and their locations were recorded by the neuro- 
surgeon at the time of the operation. Tissues were fixed in 10% 
formalin and routinely paraffin-embedded, cut, and stained with he- 
matoxylin and eosin. To avoid bias in interpretation, histologic eval- 
uation by the neuropathologist was made without knowledge of the 
results of preoperative imaging studies. Analysis of excised and 
biopsied tissues was carried out with particular attention to the 
presence and growth pattern of abnormal astrocytes. The spatial 
distribution of these cells, when present, was recorded as represent- 
ing either solid tumor or isolated atypical astrocytes, according to the 
concept of tumor growth proposed by Daumas-Duport et al. [16, 17]. 

The specimen obtained from the irradiated field was considered to 
have mass tumor if nests of densely packed abnormal astrocytes 
replaced normal parenchyma (Fig. 1D); these tumor cells were con- 
sidered likely to have proliferative capabilities, and were interpreted 
as indicative of recurrent tumor growth. Sparse dysplastic astrocytes, 
infiltrating but not replacing brain tissue, were considered to represent 
primarily irradiated tumor cells (Fig. 2D); the proliferative capacity of 
cells at these sites was considered indeterminate. 

After pathologic analysis was performed, the data were correlated 
with the spatial information recorded intraoperatively for each speci- 
men. 


Results 


In each of 15 patients, CT showed large intraparenchymal 
mass lesions of predominantly low attenuation internally and 
with peripheral enhancement and a marked amount of sur- 
rounding edema. SPECT scanning, however, provided more 
specific information that correlated with pathologic and clinical 
findings. The results are summarized in Table 1. 


High *°'T] Uptake 


In four patients, foci of high *°'Tl accumulation were ob- 
served on SPECT images; in two of these patients, the °°" Tc- 
HMPAO uptake in these areas was greater than that in normal 
brain (Fig. 1), and in two patients the °°"Tc-HMPAO uptake 
was equal to that in normal brain. In all cases, solid tumor 
was identified, and each has died of locally recurrent tumor. 


Moderate *°'T/ Uptake 


In eight patients, SPECT images displayed a maximal re- 
gional *°'TI uptake of moderate intensity. This group can be 
subdivided on the basis of perfusion characteristics; in four 
patients, °°"Tc-HMPAO perfusion in this region of maximal 
thallium uptake was increased or similar to that in normal 
brain, and in four patients, perfusion in the area was de- 
creased relative to normal brain. In the first subgroup, three 
patients had pathologic evidence of focal solid tumor; at 
present, one is alive with local tumor recurrence and the other 
two have died of the disease. 

One patient with increased uptake of °°"Tc-HMPAO and all 
four patients with decreased perfusion to the area of moder- 
ate thallium uptake demonstrated only reactive pathologic 


AJR:158, February 1992 


SPECT OF RADIATION NECROSIS VS GLIOMA 401 


TABLE 1: Summary of Findings in the Differentiation of Radiation Necrosis from High-Grade 
Recurrent Glioma with Dual-lsotope Single-Photon Emission CT 





Uptake/ Age Radiation ilies © 
Case No. (yr) Therapy connie) 

High *°'TI; increased 

°°™Tco-HMPAO 

1 53 External beam; 3 
implants 

2 45 External beam 12 

High *°'TI; similar 

99™TC-HMPAO 

3 37 External beam 2 

4 41 External beam 1 

Moderate 7°'TI; in- 

creased °°"Tc- 

HMPAO 

5 50 External beam; 14 
implants 

6 30 External beam; 1 
implants 

Moderate 7°'TI; simi- 

lar °°"Tc-HMPAO 

7 63 External beam; 7 
radiosurgery 

8 56 External beam; 2 
implants 

Moderate *°'TI; de- 

creased °°"Tc- 

HMPAO 

9 46 External beam 11 

10 55 External beam; 7 
implants 

11 26 External beam; 11 
implants 

12 9 External beam; 12 
implants 

Low *°'TI; decreased 

%™Tc-HMPAO 

13 65 External beam; 8 
implants 

14 34 No external 5 
beam; im- 
plants x2 

15 33 External beam; 13 
radiosurgery 


Interval to 
Biopsy Results Follow-up Current Status 
(months) 

Extensive solid tumor 2 Died of locally recurrent 
tumor 

Extensive solid tumor rá Died of locally recurrent 
tumor 

Focal solid tumor 2 Died of locally recurrent 
tumor 

Focal solid tumor 12 Died of locally recurrent 
tumor 

Focal solid tumor 16 Alive with local recur- 
rence 

Reactive changes 13 No local tumor recur- 
rence 

Focal solid tumor 7 Died of locally recurrent 
tumor 

Focal solid tumor 2 Died of locally recurrent 
tumor 

Reactive changes 16 Distant new tumor fo- 
cus 

Reactive changes 6 Died of pneumonia; in- 
active tumor 

Reactive changes Fá Died with meningeal 
seeding 

Reactive changes 7 No local tumor recur- 
rence 

Reactive changes 15 No local tumor recur- 
rence 

Reactive changes 10 Died of distant new tu- 
mor focus 

Reactive changes 13 No local tumor recur- 


rence 





changes (gliosis and sparse dysplastic astrocytes), but with 
no evidence of solid tumor. In this group, two patients are 
alive and well, one has since died of pneumonia with no 
evidence of active intracranial tumor, one has developed a 
distant tumor focus in the opposite hemisphere, and one has 
died with scalp and meningeal infiltration presumably second- 
ary to seeding from the original craniotomy; this patient was 
free of intraparenchymal tumor. 


Low *°'TI Uptake 


All three patients with low intracranial *°'T| accumulation 
had decreased °°"Tc-HMPAO uptake in these regions, and 
biopsy showed only reactive changes with no solid tumor 
(Fig. 2). Two patients are well without evidence of recurrence; 
one has died of distant new tumor focus. 


Discussion 


Thallium is a potassium analogue with a high affinity for 
sodium- and potassium-activated adenosine triphosphatase 
(NaK ATPase) and a slow washout from cells [18-20]. The 
precise mechanism for thallium uptake is unknown, although 
it appears that the thallium ion requires a disrupted blood- 
brain barrier to gain entry into the neuropil, and once available 
to the tissue, is taken up by cells in proportion to their 
metabolic activity [11, 20]. Uptake appears to be dependent 
on the NaK ATPase [20] as well as cotransport systems and 
facilitated diffusion [18, 19]. In previous small clinical studies, 
the relative accumulation of thallium correlated generally with 
the malignant grade of untreated tumors [13] and with the 
presence of residual tumor in treated patients [12]. Accord- 
ingly, in our series of glioma patients who were imaged after 
high-dose radiotherapy, we found that regions of intense 
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thallium uptake (i.e., greater than twice the scalp uptake) 
suggested active tumor. However, moderate thallium uptake 
was a relatively nonspecific finding, and could be shown either 
by tissues of low metabolic activity without a blood-brain 
barrier, such as the scalp and choroid plexus, or in areas of 
blood-brain barrier breakdown associated with reactive 
changes, as is present in hematomas, infarcts, and abscesses 
[13]. Specifically, in patients treated with radiotherapy for 
high-grade gliomas, regions of moderate thallium uptake can 
either reflect the presence of small foci of active recurrent 
tumor or represent reactive changes due to radiation damage 
without the presence of active tumor. We found that correla- 
tion with perfusion imaging was helpful in distinguishing be- 
tween these two possibilities. 

The brain perfusion agent °°°Tc-HMPAO is a lipophilic 
compound that crosses the blood-brain barrier, becomes 
readily absorbed into cell membranes, and is retained in tissue 
[21, 22]. Regional uptake of HMPAO is proportionate to the 
flow of blood to a given brain area [23, 24], and since high- 
grade tumors have increased metabolic rates and possess 
abnormal vasculature favoring radiotracer delivery [25], areas 
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Fig. 1.—Patient who died of local tumor recurrence 2 months after 
resection and brachytherapy for temporoparietal glioblastoma. 

A, Transaxial enhanced CT scan obtained with patient in sterotaxic head 
frame shows enhancing mass in left temporoparietal region (arrow) with a 
low-attenuation central component, surrounding edema, and mass effect. 

B,**'Tl scan at level corresponding to CT scan shows intense tracer 
uptake in medial left temporal lobe (arrow). 

C,°°"Tc-HMPAO scan shows increased perfusion to corresponding re- 
gion (arrow). 

D, Photomicrograph of biopsy specimen obtained from site of maximal 
tracer uptake shows solid tumor replacing normal brain parenchyma. Note 
marked cellularity, with large bizarre nuclei (arrows) and small anaplastic 
nuclei (arrowheads) in a fibrillary background. (H and E, original magnifi- 
cation x 1000) 


of intense °*"Tc-HMPAO in this patient population suggest 
tumor. Radiation necrosis, however, characteristically is 
poorly perfused and thus is associated with low °%'Tc- 
HMPAO uptake. 

The SPECT findings in our series are in good agreement 
with the histopathologic data and clinical follow-up of the 15 
patients. In seven of the eight patients whose scans showed 
regions of moderate to intense *°'Tl uptake that were well 
perfused with °°"Tc-HMPAO, solid foci of recurrent tumor 
were found in biopsy specimens, and six of these patients 
since have died of local recurrence. However, none of the 
seven patients whose scans showed only moderate to low 
20T] uptake with decreased perfusion had evidence of solid 
tumor. Their biopsies showed only sparse tumor cells infil- 
trating brain tissue. 

Importantly, although none of these latter patients have 
manifested a local recurrence, three subsequently developed 
distant intracranial foci of tumor. These findings support the 
premise that dense clusters of tumor cells in a specimen 
indicate recurrent tumor, but scattered tumor cells in the 
irradiated field may have limited proliferative capacity; how- 
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Fig. 2.—Patient who was well and without recurrence 8 months after 
resection and brachytherapy for left temporal lobe glioblastoma. 

A, Transaxial enhanced CT scan obtained with patient in a stereotaxic 
head frame shows low-attenuation lesion with focus of peripheral enhance- 
ment in left temporal lobe (arrow) with slight edema and mass effect. 

B,™'TI scan at level of CT scan shows a ring of low thallium uptake 
(arrow) corresponding to abnormality on CT. 

C,*°"Tc-HMPAO scan shows decreased perfusion to this area (arrow). 

D, Photomicrograph of biopsy specimen from region of greatest tracer 
uptake shows radiation necrosis, with intact cerebral white matter contain- 
ing astrogliosis and edema. Scattered astrocytes with enlarged atypical 
nuclei (arrows) represent cells with limited growth potential. (H and E, 
original magnification x 1000) 


ever, such cells outside the field of treatment may possess 
an aggressive growth potential [1, 17]. Thus, a relatively 
benign appearance on SPECT of areas outside the radiation 
field does not rule out the presence of cells that may even- 
tually develop into a mass of solid tumor. Indeed, this repre- 
sents a common mode of failure in patients receiving local 
high-dose radiotherapy [3]. 

In the present series, no cases were false negative. How- 
ever, one case represented a false-positive result; this patient 
showed moderate uptake of *°'Tl that was associated with 
increased perfusion, but no solid tumor was evident in the 
biopsy specimen and the patient has had no recurrence. 
Although the precise cause for the discrepancy in this case is 
unclear, aberrantly increased perfusion may occur transiently 
to an area of irradiated tissue if autoregulatory properties are 
disturbed and the blood-brain barrier is disrupted [26]. Alter- 
natively, contamination of the °°"Tc-HMPAO preparation with 
free pertechnetate could also produce false-positive results 
by diffusing passively to metabolically quiescent areas. Fur- 
ther experience in a larger series may determine if this rep- 
resents a significant source of error. 

As this is a preliminary study, there are certain limitations 
to the conclusions that can be drawn from our data. First, the 
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number of patients in various clinical subgroups is too small 
to provide meaningful statistics concerning treatment proto- 
cols, SPECT findings, or pathologic results. Second, we have 
not collected a sufficient number of normal examinations and 
cases of nonneoplastic brain abnormalities to establish the 
specificity and sensitivity of our SPECT technique. And most 
importantly, the protocol followed in this study was associated 
with inherent constraints in the ability to correlate precisely 
the foci of radioisotope activity with the location of the surgical 
specimens. Regions of interest drawn around suspicious foci 
on the SPECT scans were manually transcribed onto the 
corresponding CT images, and these data then were trans- 
lated into stereotaxic coordinates for biopsy and resection; a 
loss of spatial resolution could have occurred during any step 
in this procedure. In the next phase of our study, which is 
currently underway, SPECT images are being superimposed 
onto CT or MR scans by use of an interactive computer 
algorithm so that stereotaxic biopsy sites can be chosen 
directly on the basis of radiotracer uptake. This procedure 
should ensure an accurate registration of SPECT and biopsy 
data necessary to further define and classify various °°'T| and 
™T¢-HMPAO uptake patterns and their histopathologic cor- 
relates. 
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Finally, we are in the process of evaluating various tech- 
niques for the quantification of radiotracer values. Compari- 
sons of SPECT data among subjects must be based on 
relative ratios of regional uptake to uptake within an internal 
reference structure. Thus, we expressed local perfusion data 
as a ratio to the uptake in an equivalent area in the opposite 
hemisphere, but other valid approaches we are investigating 
include comparison with a functionally stable area such as 
the cerebellar cortex or with whole-brain uptake values. For 
thallium data, we chose to use the contralateral scalp as our 
internal thallium reference, since scalp activity was well de- 
fined in all cases and could be assessed easily and reproduc- 
ibly; moreover, we found that using the contralateral normal 
brain as a thallium reference [13, 14] yielded highly variable 
data in our initial group of patients. Nevertheless, we are 
currently attempting to determine in a larger patient population 
whether the scalp or the contralateral parenchyma provides 
the more reliable reference for quantitative analysis of thallium 
uptake data. 

In conclusion, our experience suggests that dual-tracer 
SPECT scanning may prove to be a valuable resource in 
detecting sites of likely tumor recurrence in patients who 
remain symptomatic after radiation therapy, and in directing 
the surgeon to these areas for biopsy. We believe that this 
technique warrants further assessment as a potentially im- 
portant tool in the management of patients undergoing ther- 
apy for high-grade gliomas. 
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Spinal Epidural Abscess: Evaluation 
with Contrast-Enhanced MR Imaging 





Seven patients with spinal epidural abscess were evaluated with MR imaging. T1- 
weighted images were obtained before and after administration of gadopentetate 
dimeglumine, and contrast-enhanced images were compared with available T2-weighted 
images and unenhanced T1-weighted images. In all seven cases, the epidural infection 
was iso- to hypointense compared with the spinal cord on unenhanced T 1-weighted 
images, and increased in intensity on proton-density- and T2-weighted images. Three 
patterns of enhancement were observed after contrast administration. In three patients, 
the infection enhanced homogeneously, likely representing thickened, inflammed tissue 
with microabscesses and granulomatous material. In one patient, peripheral enhance- 
ment surrounded a central focus of low signal intensity, representing necrotic abscess. 
In two patients, a combination of both patterns was observed. One abscess infiltrated 
the posterior thoracic epidural fat, producing decreased signal within the high-signal fat 
on T1-weighted images. Enhanced T1-weighted images were equivalent to unenhanced 
T2-weighted images in detecting the extent of epidural involvement in three cases. In 
two cases, enhanced T1-weighted images were superior to T2-weighted images in 
differentiating the infectious component from surrounding CSF. In one case, contrast 
administration produced no discernible enhancement. Enhanced images also provided 
important information regarding the composition of the abscess (liquid versus solid). 

Contrast-enhanced MR images are valuable in the characterization of spinal epidural 
abscesses. 
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Spinal epidural abscess is a relatively uncommon disease accounting for approx- 
imately one case per 10,000 admissions in large tertiary care hospitals [1]. 
Staphylococcus aureus is the most common cause of localized epidural infection, 
although numerous other bacterial, mycobacterial, and fungal organisms can pro- 
duce epidural infection [1, 2]. Epidural abscess commonly results from hematoge- 
nous dissemination of the infectious agent. The risk of spinal epidural abscess is 
increased in patients with chronic illness, underlying immunosuppression, or a 
history of IV drug abuse. Fever and localized tenderness over the spine are common 
early symptoms, but oftentimes the symptoms are nonspecific, resulting in delayed 
diagnosis. If left untreated, severe neurologic deficits and death may occur [2-6]. 
Early diagnosis prior to the onset of neurologic deficits is of paramount importance, 
as it has been shown that neurologic deficits are usually permanent and are 
associated with a higher rate of death. 

Prior to the introduction of MR imaging, myelography with CT had been the 
primary diagnostic method for evaluating spinal epidural infection [7, 8]. MR imaging 
has revolutionized the evaluation of the vertebral column and its contents, reducing 
the need for myelography in most cases [9, 10]. The efficacy of MR in detecting 
and evaluating spinal epidural abscess has been established [11-14]. In these 
reports, epidural abscess characteristically appeared as a mass isointense with the 
spinal cord on T1-weighted images and high in signal intensity on T2-weighted 
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images. Despite the high sensitivity of noncontrast MR im- 
aging for detecting inflammatory processes throughout the 
body, some epidural abscesses may be overlooked [12, 15]. 

Contrast-enhanced MR imaging appears to increase the 
sensitivity and specificity of MR for lesions of the spinal cord 
[16]. In a recent study of experimentally induced chemical 
and bacterial abscesses, contrast-enhanced images were 
superior to routine spin-echo sequences in characterizing the 
abscess [17]. 

On the basis of this information, we undertook this study 
to answer two questions: What is the pattern of enhancement 
of spinal epidural abscess after administration of gadopente- 
tate dimeglumine? and Are contrast-enhanced images bene- 
ficial in evaluating spinal epidural abscess compared with 
routine T1- and T2-weighted sequences? 


Materials and Methods 


The MR scans of seven patients with spinal epidural abscess were 
reviewed retrospectively. In five of the seven patients MR imaging 
was performed on a 1.5-T unit, while in the remaining patients 
examinations were performed on a 0.35-T unit. T1-weighted spin- 
echo images, 500-1000/20-40 (TR/TE), and T2-weighted spin-echo 
images (1500-2400/70-85) or T2* multiplanar gradient recalled 
(MPGR) images were obtained with contiguous 3- to 5-mm-thick 
Sagittal or axial sections. Gadopentetate dimeglumine was injected 
intravenously, 0.1 mmol/kg body weight (corresponding to 0.2 ml/kg 
body weight). Repeat T 1-weighted images were obtained immediately 
after injection of contrast agent except in case 1, where a 30-min 
delay occurred because of analgesic requirements. Directed supple- 
mentary 5- to 10-mm-thick images were obtained as needed. 

The T1-weighted pre- and postcontrast images were analyzed to 
determine the pattern of contrast enhancement. Additionally, T1- 
weighted contrast-enhanced images were compared with available 
T2-weighted images to evaluate the conspicuity and extent of epidural 
involvement as well as to determine any increased differentiation 
between the infectious component and adjacent thecal sac, CSF, or 
spinal cord. 


Results 


Seven patients (one female and six males), ranging in age 
from 8 to 67 years, were included in this study. The clinical 
data are summarized in Table 1. Four patients presented with 
predominantly localized severe back pain, while in the remain- 
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ing three patients myelopathic symptoms dominated the clin- 
ical presentation. None of the patients had prior surgery on 
the vertebral column. Four patients underwent decompres- 
sive laminectomy while the remaining three patients were 
treated conservatively with IV antibiotics for 4-6 weeks. All 
patients recovered with minimal neurologic deficit, if any. 

The infecting organism was Staphylococcus aureus in all 
cases; the risk factors for spinal epidural infection are outlined 
in Table 1. No dominant location of epidural abscess within 
the vertebral column was noted. All areas of infection were 
localized over two to nine spinal segments. In addition to the 
epidural component, three patients had associated diskitis, 
osteomyelitis, or prevertebral extension of the infection. The 
remaining patients had isolated epidural abscess. 

MR abnormalities indicative of epidural infection were iden- 
tified in all patients. The MR images of the epidural infection 
had characteristic features in six of the seven cases. On T1- 
weighted images, the epidural collection showed signal inten- 
sity hypo- or isointense with the spinal cord. T2-weighted 
images were obtained in six of the seven cases and demon- 
strated an increase in signal intensity of the epidural compo- 
nent in a homogeneous fashion (Fig. 1). All the epidural 
abscesses were well-defined masses except for the atypical 
case in which the epidural infection infiltrated the posterior 
epidural fat (case 3) (Fig. 2). In this patient, increased signal 
in the epidural fat corresponding to infection was identified on 
T2-weighted images. The epidural infection could be readily 
separated from the adjacent thecal sac, spinal cord, or cauda 
equina on routine unenhanced T1- or T2-weighted sequences 
except in one individual (case 2). In this patient, delineation 
between the epidural infection and thecal sac was obtained 
only after the administration of contrast agent (Fig. 3). In the 
three cases of osteomyelitis and diskitis, the MR findings 
were similar to those previously described by Modic et al. 
[18]. These findings included decreased signal in the marrow 
and disk on T1-weighted images with signal from the marrow 
and disk space on T2-weighted images. Irregular endplate 
margins and decreased disk height were also prominent 
features. Of note, in all three patients with osteomyelitis, 
enhancement of the marrow space and disk-end endplate 
interface occurred after the administration of contrast material 
(Figs. 3 and 4). 

Two basic patterns of contrast enhancement were noted 
in epidural abscesses (Table 1). In three patients, a homoge- 
neous increase in signal in the area of infection was observed 


TABLE 1: Clinical Symptoms and Pattern of Contrast Enhancement in Seven Patients with 


Spinal Epidural Abscess 





Case Age Symptom 
No. (yr SEX Duration (wks) Symptom Level 

: 31 F 1 Lumbar 

a 62 M 5 Lumbosacral 

j 5 M 3 Thoracic 

2 43 M 2 Cervical 

; 8 M 1 Thoracic 

: 29 M 1 Cervical, thoracic 
£ 6 M 8 Thoracic 


Predisposin Enhancement 
Factor j Source Pattern 
IVDA Blood Homogeneous 
Myelodysplasia Blood Homogeneous 
Trauma Laminectomy None discernible 
IVDA Laminectomy Rim/homogeneous 
Trauma Blood Rim 
None Laminectomy Homogeneous/rim 
Empyema Blood, lami- Homogeneous 
nectomy 





Note.—In every case the infecting organism was S. aureus. |\VDA = intravenous drug abuse. 





AJR:158, February 1992 





A 





MR OF SPINAL EPIDURAL ABSCESS 407 


Fig. 1.—Epidural abscess in 29-year-old patient with AIDS. 
A and B, T1-weighted (600/20/4) (A) and T2-weighted (2400/80/1) (B) sagittal MR images of cervical spine show a posterior crescentic well-defined 
epidural mass compressing the spinal cord. In A, the mass is isointense with spinal cord while in B it has a homogeneously increased signal intensity, 


isotense with CSF. 


Fig. 2.—Epidural abscess presenting as infil- 
tration of the posterior epidural fat in 57-year- 
old man. 

A and B, T1-weighted (500/24/4) sagittal im- 
ages of midthoracic spine were obtained before 
(A) and after (B) administration of gadopentetate 
dimegliumine. On both the unenhanced and en- 
hanced images, multiple low-signal-intensity 
areas infiltrate and enlarge the posterior epidural 
fat over three vertebral segments (arrows). Mild 
mass effect on thecal sac is evident by atten- 
uation of CSF posterior to cord. No significant 
enhancement is identified on contrast-enhanced 
images. Enhancement is not appreciated be- 
cause of the high signal from the fat. Incidentally 
noted is high signal in the spinal cord, which 
represents motion artifact from adjacent great 
vessels. 





A 


(Fig. 3). In one patient, peripheral enhancement around an 
area Of liquid abscess was shown (Fig. 5). In two patients, a 
combination of peripheral enhancement in one portion of the 
infection and homogeneous enhancement in the remainder of 
the epidural component was present (Fig. 4). In the remaining 








patient, MR was performed during an early stage of abscess 
development within the posterior epidural fat, and any dis- 
cernible contrast enhancement could not be distinguished 
from the high signal intensity of the fat (Fig. 2). 

Enhanced T1-weighted images were equivalent to unen- 
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hanced T2-weighted images in detecting the extent of epidural 
involvement in cases where T2-weighted images were ob- 
tained. However, in one case, only the contrast-enhanced T1- 
weighted sequence differentiated infection from the adjacent 
thecal sac (Fig. 3). Additionally, in another case, contrast- 
enhanced images demonstrated meningeal inflammation that 
was not discernible on T2-weighted images (Fig. 4). 


Discussion 


Spinal epidural infection is a relatively rare disorder that can 
result in devastating neurologic sequelae or death if not 
diagnosed early [1, 2]. MR is uniquely suited to early detection 
of spinal inflammation, obviating the risks of myelography, 
which include CSF leakage, contrast-related myelopathy, and 
inadvertent puncture of the epidural infection [12, 13]. The 
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Fig. 3.—Contrast-enhanced MR images in 62-year-old man with myelodyspla- 
sia and increasing leg weakness show efficacy of gadopentetate dimeglumine 
in delineating the extent of epidural infection. 

A, T1-weighted spin-echo images (600/20/4) of lumbosacral spine show 
vertebral bodies to be abnormally low in signal intensity, presumably as a result 
of myelofibrotic changes or iron deposition caused by chronic anemia. The 
posterior epidural fat at the L3-L4 and L4-L5 levels is not well defined. The 
vertebral endplates at L5-S1 are indistinct. 

B, T2* multiplanar gradient recalled (MPGR) images (500/15/20°) at same 
level demonstrate diffuse homogeneously increased signal in previously iden- 
tified areas of abnormality in posterior epidural space. In addition, a relatively 
focal mass of increased signal is noted posterior to sacrum (arrows). The areas 
of increased signal cannot be differentiated from the thecal sac. 

C, Contrast-enhanced T1-weighted spin-echo images (600/20) show homo- 
geneous enhancement in posterior epidural space at L4-L5 level (curved arrows) 
with signal intensity similar to that of normal posterior epidural fat (straight black 
arrow) (compare with A). The area of epidural infection can now be readily 
differentiated from the thecal sac, which is compressed and displaced anteriorly 
(arrowheads). In addition, enhancement (white arrows) is noted at vertebral 
endplates at L5-S1, indicating the presence of diskitis and osteomyelitis, which 
was not fully appreciated on the routine T1- and T2*-weighted images. 


efficacy of MR in localizing the site of infection as well as 
demonstrating the extent of the epidural abscess and degree 
of effect on the adjacent thecal sac and spinal cord has been 
well demonstrated [11-14]. Despite the high sensitivity of 
noncontrast MR for recognizing inflammatory changes, cases 
of epidural abscess may escape detection on routine unen- 
hanced MR images [12]. Since the risk of adverse outcome 
is directly related to the delay and time until specific diagnosis 
and treatment is instituted [1], any diagnostic methodology 
that improves the sensitivity and specificity in the diagnosis 
of spinal epidural abscess is advantageous. 

In our study, spinal abscess appeared to have two basic 
patterns on imaging. The first pattern was that of homoge- 
neous enhancement of the abnormal area. This may correlate 
with the phlegmonous stage of infection corresponding path- 
ologically to granulomatous thickened tissues with embedded 
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Fig. 4.—Patterns of contrast enhancement in epidural abscess in 43-year-old man with history of IV drug abuse. 

A, T1-weighted (600/20) sagittal images of cervical spine show soft-tissue-intensity material completely filling the spinal canal. Posterior epidural fat is 
obliterated and CSF spaces and spinal cord cannot be differentiated. Also noted is decreased signal intensity in C5 and C6 vertebral bodies with 
spondylolisthesis of C5 on C6, decrease in height of the C5-C6 disk, and focal thickening of anterior prevertebral soft tissues. 

B, On T2-weighted (1500/85/1) sagittal image, a large epidural mass posterior to C3 and C4 vertebral bodies shows a homogeneous increase in signal 
intensity. Increased signal is also noted in prevertebral mass as well as in intervertebral disk and vertebral bodies at C5-C6. These findings are indicative 
of diskitis with osteomyelitis. Note, although the spinal cord can be identified, it is not well demarcated. 

C, With the administration of gadopentetate dimeglumine, T1-weighted (600/20) images show homogeneous enhancement of prevertebral mass and 
epidural component immediately posterior to C5-C6 (large straight arrows). Enhancement of C5 and C6 vertebral bodies is consistent with osteomyelitis. 
The epidural mass posterior to C3-C4 shows peripheral enhancement (curved arrows). At surgery, a large liquid abscess was noted at the C3-C4 level, 
while friable but nondrainable granulation tissue was demonstrated at the C5-C6 level. Additionally, enhancement of the dural surface (small black arrows) 
suggestive of leptomeningitis is detected only after contrast enhancement. This was not discernible on routine T2-weighted images. 


microabscesses without a significant drainable pus collection. eral enhancement were seen. In three of our seven cases of 
The second pattern was that of a liquid abscess core sur- spinal epidural infection, peripheral enhancement of the epi- 
rounded by inflammatory tissue. The core did not enhance dural abscess occurred. The area of peripheral enhancement 
with contrast administration, while varying degrees of periph- corresponds to the edema, granulation tissue, and inflam- 
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mation surrounding the necrotic liquified core of the abscess. 
As would be expected, the necrotic center of the abscess is 
not perfused and is a relatively inaccessible extravascular 
space with resultant low accumulation of contrast material 
and associated low signal on the T1-weighted enhanced 
images [19]. The demonstration of an abscess cavity might 
influence the clinical approach, since the relatively avascular 
core will not be accessible to IV antibiotics and may require 
more aggressive surgical decompression and drainage. How- 
ever, as the neurologic outcome does not appear to differ in 
those patients with acute and chronic abscesses, this distinc- 
tion may have little relevance. Other authors [14] have indi- 
cated that routine T2-weighted images can demonstrate the 
histologic components of the abscess with the discrete areas 
of markedly increased signal intensity corresponding to the 
central necrotic liquified avascular core. In our study, there 
was no differentiation between the necrotic core and sur- 
rounding zone of inflammation and granulation on the precon- 
trast T1- or T2-weighted images. Only after the administration 
of contrast agent could these histologic zones of the abscess 
be delineated. These results conform closely to a study of 
experimentally induced bacterial abscesses where, despite 
heavy T2-weighting, signal differentiation from the various 
abscess zones was not obtained without contrast enhance- 
ment [17]. 

In addition to determining the histologic components of an 
abscess, contrast administration allows differentiation of epi- 
dural infection from adjoining CSF. Epidural abscess has a 
similar signal intensity to CSF on T2-weighted images. Be- 
cause of this similar signal intensity, several authors have 
hypothesized that epidural collections may be overlooked [18]. 
Such a situation may have occurred in a recent study de- 
signed to evaluate MR imaging of spinal infection [12]. We 
have also had a similar case in which epidural infection could 
not be separated from adjoining CSF on T2-weighted images 
(Fig. 3). Differentiation between CSF and infection occurred 
only after contrast administration produced increased signal 
of the infectious component while the CSF retained its low 
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Fig. 5.—Peripheral enhancement in epidural 
abscess after contrast administration in 7-year- 
old previously healthy boy who presented with 
increasing back pain and fever 1 week after 
being struck in the back while playing soccer. 

A, T1-weighted (600/20) sagittal image of 
lower thoracic spine shows focal oval low-signal- 
intensity area within posterior epidural fat (ar- 
rows). 

B, T1-weighted (600/20) contrast-enhanced 
axial image at level of abscess shows peripheral 
enhancement of epidural abscess (arrow) with 
signal greater than adjacent epidural fat. 


signal intensity on T1-weighted images. Incidentally, in an- 
other case, meningeal enhancement, distinct from the epidural 
component, was differentiated from adjacent CSF and de- 
tected only after contrast administration (Fig. 4). This menin- 
geal involvement was not discernible on routine T2-weighted 
images. 

In three patients, there was homogeneous enhancement of 
the epidural component after contrast administration. Addi- 
tionally, in cases where a prevertebral component existed, 
there was also homogeneous enhancement. In contradistinc- 
tion to the well-defined abscess with a liquid core, this second 
type of enhancement likely correlates with subacute epidural 
infection in which small focal collections of pus are embedded 
in relative friable white granulation tissue [20]. While these 
collections may produce mass effect and neurologic sequelae 
similar to liquid abscesses, they are not as amenable to 
surgical debridement. In the remaining patient, an early infec- 
tion within the posterior epidural fat demonstrated no signifi- 
cant discernible enhancement and, in fact, was difficult to 
differentiate from surrounding normal epidural fat. The pos- 
sibility exists that there may have been enhancement that 
could not be detected because of the similar signal intensity 
of the enhanced infection and adjacent fat. Because of the 
high signal from the epidural fat, especially in the lumbosacral 
area, significant enhancement may be missed. Fat-saturation 
techniques may play a valuable role in increasing the conspi- 
cuity of the lesions by eliminating the signal from the adjacent 
fat. 

As described by Modic [18], characteristic changes in the 
vertebral bodies suggestive of diskitis with osteomyelitis were 
also detected in three of the patients in this study. These 
changes consisted of areas of decreased signal intensity in 
the vertebral body marrow on T1-weighted images with in- 
crease in signal intensity in the same areas on T2-weighted 
images. Contrast enhancement at the interface between the 
infected disk space and vertebral bodies occurred. Thus, 
administration of gadopentetate dimeglumine may be a valu- 
able adjuvant in evaluating osteomyelitis and diskitis. 
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In summary, spinal epidural abscess can usually be de- 
tected on routine T1- and T2-weighted images; however, the 
appearance may be nonspecific. Characteristically, the epi- 
dural infection appears as a mass of low signal intensity on 
T1-weighted images and demonstrates homogeneously in- 
creased signal on T2-weighted images. Subsequent to ad- 
ministration of the paramagnetic contrast agent gadopente- 
tate dimeglumine, there may be homogeneous or peripheral 
enhancement of the epidural infection. Contrast-enhanced 
images aid in the differentiation of necrotic liquid abscess 
from phlegmonous granulation tissue with embedded mi- 
croabscesses. Demonstration of a drainable abscess may 
influence the clinical management, requiring a more aggres- 
sive Clinical approach to the treatment. Also, as demonstrated 
in this study, enhanced images may help differentiate the 
infectious component from surrounding CSF in some cases. 
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Book Review 





The Radiologic Clinics of North America. Radiographic Manifestations of Common Congenital Anomalies. Guest 
editor: Kook Sang Oh. Philadelphia: Saunders, 1991;29(2):179-435. $28; by subscription, 6 issues annually for 


$98 


This edition of The Radiologic Clinics of North America, like most 
previous editions, was written by more than one author. Each section 
therefore is only as good as the effort and ability of the individuals 
involved with the section. Overall, the subject of this edition is a good 
one for review at the present time. With new inroads being made 
both biochemically and at the level of the gene, it is appropriate to 
deal concisely with the “common congenital anomalies” and to review 
their radiologic diagnostic features. Many of the congenital anomalies 
have definite features that are important for diagnosis. All the impor- 
tant areas of the sites of congenital anomalies are well covered. A 
worthwhile emphasis has been put on embryology, which is excellent 
for the areas in which embryology plays an important role. The 
organization of this volume is a bit haphazard, but this does not really 
take away from the body of the discourse. The book could have been 
improved by placing together sections such as those on the brain, 
skull, and spine. The quality of the illustrations overall is good. 

Whenever a book has more than one author, it is difficult, and 
perhaps almost impossible, to have a single style of writing. This 
book is no exception, and the finished chapters might have profited 
from more editorial input from one individual. Excellent chapters in 
the book include those on radiographic manifestations of anomalies 


of the brain, radiographic manifestations of the skull, bronchopulmo- 
nary and neurenteric anomalies, MR imaging of congenital heart 
disease, aortic arch anomalies, and limb anomalies. However, several 
chapters are not as good, including chapter 6 on chest wall abnor- 
malities, which is incomplete (e.g., at least 12 syndromes of clavicular 
aplasia or hypoplasia occur, not just cleidocranial dysplasia), and 
chapter 14 on congenital spine anomalies, which has too many details 
about the embryology and a poor reference list (mostly books, some 
of which need to be updated). On the other hand, the discussion of 
sacral dimple and its workup is outstanding. It is both practical and 
Clinically important. The remaining chapters are all good. 

In summary, this is an excellent, well-written text for its potential 
readership, and perhaps its only failing lies in trying to be too 
comprehensive. It includes areas such as congenital heart disease 
and neuroradiologic disorders that have been well covered in other 
texts, such as The Radiologic Clinics of North America in 1985, 1986, 
1988, and 1989. 
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MR Imaging of the Spinal Cord in 
23 Subjects with ALD-AMN 
Complex 





Twenty-three subjects from two family groups with the adrenoleukodystrophy (ALD)- 
adrenomyeloneuropathy (AMN) complex were examined with MR imaging at 1.5 T to 
determine the presence and extent of brain and spinal cord abnormalities. Nineteen 
individuals were identified as having ALD or AMN, or as having carrier status on the 
basis of pedigree analysis and/or evaluation of serum very-long-chain fatty acids. In 
addition to the expected intracranial white matter changes for this disorder, decreased 
spinal cord diameter was found in seven (30%) of the 23 subjects. In three of these 
cases, atrophy was limited to the thoracic spinal cord, while atrophy of both the cervical 
and thoracic cord was identified in four patients. Two patients who did not have MR 
imaging of the spine were found to have spinal cord atrophy at autopsy. 

The finding of decreased spinal cord diameter on MR examinations in individuals who 
are heterozygous for ALD-AMN, in patients with ALD or AMN, and in asymptomatic ALD- 
AMN patients may represent a new anatomic marker for the variable clinical presenta- 
tions of this condition. In addition to cranial MR examination, MR imaging of the spine 
may be indicated in patients with suspected ALD or AMN, or in women with carrier 
Status. 


AJNR 12:1095-1098, November/December 1991; AJR 158:413-416, February 1992 


Adrenoleukodystrophy (ALD) is a sex-linked recessive disorder of childhood 
characterized by CNS demyelination and adrenal insufficiency [1, 2]. Phenotypes 
differ according to patterns of involvement of central and peripheral nervous 
systems and the endocrine systems [2, 3]. Adrenomyeloneuropathy (AMN) is 
manifested in young adulthood in members of families affected by childhood ALD, 
is also X-linked recessive, and is the second most common form of the ALD-AMN 
complex [2, 4]. Neonatal ALD is the rarest form and is autosomal-recessive. 
Survival is usually brief, and neonatal ALD has not been described in the same 
families as childhood ALD or AMN [2]. 

This study was undertaken to determine the frequency of MR-detectable spinal 
cord abnormalities in kindreds with the ALD-AMN complex, and the relationship 
between these abnormalities and the genetic and clinical status of the family 
members. 


Subjects and Methods 


Two family groups (23 individuals) were evaluated with MR imaging of the head and 
cervical and thoracic spine. One family had been included in a previous report [5]. Both 
kindreds contained pathologically proved cases of ALD-AMN. Carrier status was ascertained 
by pedigree analysis and/or by very-long-chain fatty acid (VLCFA) levels in 19 individuals. 

MR imaging was performed on a 1.5-T superconducting magnet (Signa; General Electric, 
Milwaukee, WI) with spin-echo sequences. Various receiver-only surface coils were used for 
spinal examinations, which were performed as two or three overlapping scans from the level 
of the foramen magnum to the conus. Images of the head were acquired with a slice thickness 
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TABLE 1: Relevant Data for Two Family Groups (23 Individuals) 
with ALD-AMN Complex 


OIEA Se ts SS SE Se SS Se 


. Age Genetic MR Findings Clinical 
Subject No. ieh Sex Status (Spinal Cord) Status 
Family 1 
1 56 F Het N N 
2 37 F Het CA SD 
3 36 F Het N N 
4 35 F Het CA SD 
5 33 F Het N N 
6 30 F Het N N 
7 26 M N N N 
8 23 M Hem N N 
9 20 F Unk N N 
10 15 M Hem CA N° 
11 15 F Unk N N 
12 7 M Hem N N° 
13 5 F Het N N 
14 7 3 Unk N N 
15 4 F Unk N N 
Family 2 
1 75 F N CA N° 
2 55 F N N N 
3 49 F Het CA N 
4 47 F Het N N 
5 28 F Het CA N 
6 27 M N N N 
7 19 M Hem N ALD 
8 24 M Hem CA AMN 


Note.—N = normal, Unk = unknown, Het = heterozygote, Hem = hemizy- 
gote, CA = cord atrophy, SD = mild spastic diplegia, ALD = adrenoleukodys- 
trophy, AMN = adrenomyeloneuropathy. 

* Asymptomatic. 

° Cord atrophy in clinically and genetically normal subject. 
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of 5 mm in sagittal, axial, and coronal planes. Cranial examinations 
included T1-weighted, 600/20 (TR/TE), sagittal and coronal se- 
quences and T2-weighted (1500-2000/80) sequences in the axial 
plane. Cranial and spinal imaging was often performed at separate 
times owing to the length of the examinations. Spinal images were 
acquired at 3- to 5-mm slice thicknesses in sagittal and axial planes. 
Proton density-weighted (950-2000/20-35) sagittal images and T1- 
weighted (600/20) axial images were obtained in all spinal examina- 
tions. Some spinal examinations also included T2-weighted axial and/ 
or sagittal images. 

Scanning techniques such as cardiac gating, flow compensation, 
gradient echoes, 3-D imaging, fast scans, and oblique image planes 
were not available at the time the MR examinations were performed 
Consensus readings were obtained, and the diagnosis of spinal cord 
atrophy was based on a subjective decrease in the diameter of the 
spinal cord, either focally or diffusely. Autopsy results of two family 
members who did not undergo spinal MR examination were reviewed. 


Results 


In addition to the expected cranial white matter changes 
for this disorder, decreased spinal cord diameter was found 
in seven (30%) of the 23 patients (Table 1). Four of the 10 
female heterozygotes had evidence of spinal cord atrophy on 
MR examinations of the spine. Two of these had mild spastic 
diplegia (Table 1) and had atrophic changes in the cervical 
and thoracic cord. The other two had normal neurologic 
examinations with MR evidence of atrophy limited to the 


Fig. 1.—28-year-old clinically normal woman 
who is heterozygous for ALD-AMN syndrome. 

A, Sagittal proton density-weighted MR image 
(2000/35) shows evidence of thoracic spinal 
cord atrophy. 

B, Axial proton density-weighted MR image 
(2000/35) shows spinal cord atrophy in mid- 
thoracic region. 
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Fig. 2.—24-year-old hemizygous man with ad- 
renomyeloneuropathy. 

A and B, Sagittal spinal T2-weighted MR im- 
ages (1500/20) show diffuse atrophy of lower 
cervical and thoracic spinal cord. 

C and D, Axial T1-weighted MR images (600/ 
20) show decrease in size of thoracic spinal 
cord. 


thoracic cord (Fig. 1). Diffuse atrophy of the cervical and 
thoracic spinal cord was found on MR examination in one 
patient with AMN (Fig. 2). Clinically, he had spasticity and 
hyperreflexia in his lower extremities, sensory deficits below 
the mid-thoracic level, and no neurologic deficits in his upper 
extremities. One asymptomatic 15-year-old male hemizygote 
with a normal neurologic examination had MR evidence of 
atrophy involving the lower cervical and upper thoracic cord. 
His cranial MR examination demonstrated the findings typical 
of ALD. A 75-year-old woman with normal genetic status and 
normal neurologic examination had MR evidence of diffuse 
thoracic spinal cord atrophy. 

Autopsy of two family members with ALD who did not 
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undergo MR examination of the spinal cord revealed cord 
atrophy. An 11-year-old boy had symmetrical areas of de- 
myelination in the anterior and lateral corticospinal tracts at 
multiple levels, and a 9-year-old boy had marked demyelina- 
tion in the lateral corticospinal tracts of the cervical spinal 
cord. Cranial MR of the 11-year-old revealed findings typical 
of ALD (Fig. 3). 


Discussion 


Childhood ALD appears in boys, usually between 4 and 8 
years of age, in the form of behavioral disorders, dementia, 
and visual/hearing impairment. Adrenal insufficiency may fol- 
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Fig. 3.—Axial T2-weighted MR image (2000/80) in 11-year-old boy with 
ALD shows diffused, abnormally increased signal intensity in white matter 
and associated atrophy. At autopsy, this patient also had atrophy of the 
spinal cord. 


low CNS symptoms [2]. Death usually occurs within several 
years [5]. AMN commonly has its onset between the ages of 
20 and 30 years, with progressive spastic paraplegia, periph- 
eral neuropathy, and ataxia. Hypoadrenalism may be present 
[2]. Female heterozygotes are usually asymptomatic, but 
approximately 12% are symptomatic, most often with a spas- 
tic paraparesis [2, 6]. Rarely, these carriers can manifest 
more widespread involvement of the CNS and/or adrenal 
insufficiency [2, 7]. Excessive amounts of VLCFAs are found 
in the Schwann cells and adrenocortical cells of affected 
individuals and heterozygotes [2, 6, 8]. Definitive diagnosis is 
made by gas-liquid chromatography of serum, or by fibroblast 
assays of tissue for elevated VLCFAs [2]. A peroxisomal 
enzymatic defect, probably causing impairment of oxidation 
of VLCFAs, may be the cause of ALD-AMN [2, 9, 10]. 

Spinal cord disease in ALD may involve degeneration of 
the entire length of the corticospinal tracts, possibly from 
interruption of the tracts in the cerebral hemispheres [11] 
(Fig. 3). In AMN, loss of axons and myelin occurs throughout 
the entire length of the lateral corticospinal tracts, dorsal 
spinocerebellar tracts, and gracile tracts [11]. These proc- 
esses likely account for our finding in the hemizygotes who 
had MR evidence of spinal cord atrophy. Since the two 
symptomatic female heterozygotes had MR evidence of spinal 
cord atrophy in the thoracic and cervical areas, and the two 
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asymptomatic female heterozygotes had MR evidence of 
atrophy in the thoracic cord only, it may be that atrophy 
involving the cervical cord is necessary to cause symptoms 
in female heterozygotes. The finding of a diffusely small spinal 
cord in the 75-year-old woman with normal genetic status 
and normal neurologic examination may be attributed to her 
advanced age or to a subclinical disease state. 

The finding of decreased spinal cord diameter in some 
female ALD-AMN carriers, in patients with AMN, and in 
asymptomatic individuals with ALD-AMN may represent an 
anatomic marker for the variable clinical presentations of the 
ALD-AMN complex. However, further study of a larger num- 
ber of patients, with age-matched controls, is needed to 
support this conclusion. In addition to a cranial MR examina- 
tion, MR imaging of the spine may be helpful in patients with 
suspected ALD or AMN, or in women with carrier status. 
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Renal Artery Stenosis Caused by 
Nonspecific Arteritis (Takayasu 
Disease): Results of Treatment with 
Percutaneous Transluminal Angioplasty 





Renovascular hypertension is common in nonspecific aortoarteritis (Takayasu dis- 
ease). The utility of percutaneous transluminal renal angioplasty in managing this 
disease has been reported infrequently, and technical problems in using this treatment 
method have not been described. We retrospectively evaluated the results of renal 
angioplasty in treating 33 stenoses in 20 patients. Each patient’s diagnosis was based 
on the criteria established by the Aortitis Syndrome Research Committee of Japan. 
Criteria for selection of patients for angioplasty were (1) severe hypertension uncon- 
trolled by single-drug therapy, (2) angiographic evidence of at least 70% stenosis of the 
renal artery with a pressure gradient of more than 20 mm Hg, and (3) a normal 
sedimentation rate. The transfemoral route was used to treat all 33 stenoses. Follow-up 
examinations included blood pressure and medication evaluation 1 day, 1 week, and 4- 
6 weeks after treatment, and thereafter at 6-month intervals. Technical success was 
obtained in 28 lesions (85%) in 17 patients (85%). All failures occurred in the presence 
of coexistent abdominal aortic disease and tight, proximal stenosis of the renal artery. 
Technical difficulties were attributed to the tough, noncompliant nature of the stenoses, 
which were difficult to cross and resisted repeated, prolonged balloon inflations. These 
patients experienced backache and a fall in systemic blood pressure during balloon 
inflation. In one patient, the ipsilateral renal vein was injured during angioplasty and 
required surgery. Clinical success was obtained in 14 (82%) of the 17 patients in whom 
technical success was achieved and included cure in six patients and improvement in 
eight others. Follow-up 1-18 months (mean, 8 months) after treatment showed resten- 
osis in six (21%) of 28 lesions. 

We conclude that renal angioplasty in nonspecific arteritis is associated with technical 
difficulties; however, the short-term results are good and the complication rate is 
acceptable. 
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Nonspecific aortoarteritis, also known as Takayasu disease, is a rare form of 
arteritis of unknown cause that commonly involves the aorta, its major branches, 
and the pulmonary arteries [1-3]. It results in stenosis, occlusion, dilatation, or 
formation of aneurysms in the involved blood vessels [4]. Of these, stenoses or 
obstructions are the most common, frequently involving the abdominal aorta and 
the renal arteries, and often resulting in renovascular hypertension [1, 2, 4]. 

The presence of obstructive renal arterial disease in patients with renovascular 
hypertension requires some form of revascularization to relieve systemic hyperten- 
sion. Reconstructive vascular surgery is associated with a high prevalence of graft 
occlusion [5]. Percutaneous transluminal renal angioplasty provides an alternative 
mode of treatment for these patients. Its utility in the presence of nonspecific 
arteritis has been infrequently reported [2, 6-11], and most reports concern a 
relatively small group of patients. No specific technical problems related to trans- 
luminal renal angioplasty have been reported. In this report, we describe our 
experience with the use of percutaneous transluminal angioplasty to treat renovas- 
cular hypertension caused by nonspecific aortoarteritis in 20 patients. 
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Materials and Methods 


Over a period of 26 months, 20 patients with renovascular hyper- 
tension caused by nonspecific arteritis of the renal arteries were 
treated with percutaneous transluminal angioplasty. The group in- 
cluded 11 females and nine males (mean age, 16 years; range, 5-28 
years). In each case, the presence of renal artery stenosis was 
established by digital subtraction angiography (DSA). The criteria for 
the diagnosis of nonspecific arteritis included the presence of (1) 
symptoms caused by ischemia of the CNS, upper extremities, or 
kidneys; (2) fever, absent or decreased pulses, bruits, and fundos- 
copic findings; and (3) increased erythrocyte sedimentation rate and 
presence of C-reactive protein [12]. Angiographic findings considered 
diagnostic of nonspecific arteritis of the renal arteries included a 
spectrum of changes ranging from minimal intimal irregularity to 
typical rat-tail narrowing, complete obstruction, or aneurysm forma- 
tion in the presence of additional involvement of the aorta or its 
branches by a similar stenosing, occlusive, dilative, or aneurysmal 
lesion. Pathologic confirmation of the diagnosis of nonspecific arteritis 
was not available in any of the cases. 

Patients were accepted for angioplasty if they had hypertension 
uncontrolled by single-drug therapy and angiographic evidence of at 
least 70% stenosis of the renal artery with a pressure gradient of 
more than 20 mm Hg and a normal sedimentation rate (<20 mm in 
first hour). Patients with an elevated sedimentation rate were consid- 
ered to have active arteritis and were not accepted for angioplasty. 

Thirty-three angioplasties were performed in 20 patients. Anti- 
hypertensive medications were stopped 24 hr before angioplasty 
except for sublingual administration of 5-10 mg of nifedipine if the 
blood pressure was more than 170/110 mm Hg. In two patients with 
severe uncontrolled hypertension, the blood pressure was maintained 
by IV infusion of nitroprusside during the 24 hr preceding angioplasty. 
Patients were treated with aspirin (175-330 mg) and dipyridamole 
(75-150 mg) for 3 days before the angioplasty, and this regime was 
continued for 6 months after treatment. Heparin (100 IU/kg body 
weight) was given IV during the procedure and for the following 24 
hr. Blood pressure medication was withheld for 24 hr after the 
procedure, except for the sublingual administration of nifedipine (5- 
10 mg) if the blood pressure was greater than 160/100 mm Hg. 
Informed consent for the procedure was obtained from all patients. 

At the beginning of the procedure, two arterial catheters were 
secured by placing an arterial sheath in the femoral artery in each 
side of the groin. Subsequently, a high-flow pigtail catheter was 
positioned in the abdominal aorta just above the origin of the renal 
arteries for continuous pressure measurements and diagnostic DSA. 
The diseased renal artery was selectively catheterized, and the 
transstenotic pressure gradient was measured. The angiographic 
catheter was then replaced by a commercially available appropriate- 
sized balloon catheter (Medi-Tech Inc., Watertown, MA) by using 
standard exchange technique. In addition, a recently developed low- 
profile guidewire angioplasty balloon catheter (Tegwire, Medi-Tech) 
was used in one patient. The diameter of the involved vessel was 
measured on the exposed film after correction for minification and 
the same-sized balloon catheter was used for angioplasty. The bal- 
loon was inflated by hand with a 10-ml syringe three to five times, for 
up to 30 sec each, until the balloon’s “waist” disappeared or de- 
creased substantially. To avoid the risk of arterial rupture, we did not 
use oversized balloon catheters in patients with mild residual stenosis 
or transstenotic pressure gradients. ECG and systemic pressure were 
monitored continuously throughout the procedure. Immediately after 
the procedure, transstenotic pressure was measured and a diagnos- 
tic angiogram was obtained to assess the adequacy of angioplasty. 
We did not stop treatment with heparin after angioplasty. The arterial 
sheath was removed after the patient was moved from the angiog- 
raphy suite. 
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Angioplasty was considered technically successful if (1) the renal 
artery lumen after the angioplasty had less than 30% residual ste- 
nosis, (2) the arterial lumen was at least 50% larger than its pretreat- 
ment diameter, and (3) the pressure gradient was less than 20 mm 
Hg and had decreased at least 15 mm Hg from the pretreatment 
gradient. The clinical results of the angioplasty were judged as 
follows: (1) cure (normal blood pressure after the procedure without 
antihypertensive drug therapy), (2) improved (at least 15% reduction 
in diastolic pressure or a diastolic pressure less than 90 mm Hg with 
the patient taking less antihypertensive medication than before the 
procedure), and (3) failed (no change in the blood pressure after the 
procedure) [13, 14]. All patients cured or improved were considered 
to have benefited from renal angioplasty. Follow-up examinations 
included blood pressure and medication evaluation 1 day, 1 week, 
and 4-6 weeks after treatment and then at 6-month intervals. Patients 
with recurrence of hypertension (four patients) and those in whom 
contralateral nephrectomy of poorly or nonfunctioning kidney for 
residual hypertension was planned (three patients) had follow-up 
angiography. Angioplasty was repeated if restenosis was detected 
during angiography. 


Results 


Percutaneous transluminal renal angioplasty was at- 
tempted for unilateral renal artery stenosis in 14 patients, for 
bilateral renal artery stenosis in five patients, and for bilateral 
proximal and additional branch stenosis in one patient. In 
addition, angioplasty was repeated for restenosis in six le- 
sions in four patients. 

Initial technical success was achieved in 28 lesions (85%) 
in 17 patients (85%) (Table 1). Technical problems included 
difficulty in crossing the stenosis with the balloon catheter. 
Teflon catheters were used to dilate the stenosis before the 
balloon catheter was positioned in 25 (89%) of 28 cases. All 
patients experienced intense transient backache, often ac- 
companied by a 20-30 mm Hg fall in systolic blood pressure 
during balloon inflation, which subsided soon after the balloon 
was deflated. Three to five balloon inflations were required in 
all instances to obtain a substantial increase in diameter of 
the vessel. The stenoses disappeared completely in 18 (64%) 
of 28 lesions (Fig. 1). In the remaining 10 instances, a small 
residual narrowing persisted even after five 30-sec inflations. 
Pressure measurement and an angiogram obtained after an- 
gioplasty in these patients showed no significant gradient or 
residual stenosis. On withdrawal, the balloon invariably 
showed a tubular indentation on its outer surface correspond- 
ing to the site of stenosis. Peripheral renal artery spasm was 
noticed after angioplasty in two instances. Both cases re- 
sponded to sublingual administration of nitrates. 

The narrowing in luminal diameter (mean + 1 SD) before 
angioplasty was 85.4 + 7.4% (range, 70-100%) and after 
angioplasty it was 10.7 + 13.0% (range, 0-30%). The transs- 
tenotic pressure gradient before angioplasty (mean + 1 SD) 
was 91.5 + 28.2 mm Hg (range, 30-140 mm Hg) and after 
angioplasty it was 7.5 + 8.7 mm Hg (range, 0-30 mm Hg). 
There were five technical failures caused by an inability to 
pass the catheter across the stenosis. In these cases, the 
renal artery arose from a narrowed or tortuous segment of 
the aorta and had a tight proximal stenosis (Fig. 2). The 
systolic blood pressure (mean + 1 SD) before angioplasty 
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TABLE 1: Results of Renal Angioplasty in Nonspecific Arteritis 
SSS SS SSS SSS I 


Number of 
Technical Result Blood Pressure (mm Hg) Antihypertensive 
Drugs 
Pressure i , 
Age Vessel Luminal stenosis 
No. (years) Sex Dilated Gradient (%) ~~ At the End ii ig 
(mm Hg) crore of Follow-Up = Pere - 
Angio- lanath of Angio- Angio- 
Before After Before After plasty (leng plasty plasty 
Angio- Angio- Angio- Angio- follow-up) 
plasty plasty plasty plasty 
1 16 M RRAS 110 14 90 20 200/120 180/120 3 0 
(5 mo) 
Repeat 110 0 90 0 180/120 120/90 
PTRA at (6 mo) 
6 mo 
2 24 M BRAS: right 130 10 90 0 210/130 130/80* 4 1 
BRAS: left 110 14 80 0 (6 mo) 
3 18 F LRAS 76 12 90 30 170/110 130/90 3 0 
(1 week) 
4 15 F LRAS 100 15 90 0 180/110 130/80 3 0 
(18 mo) 
5 19 F RRAS 84 10 80 0 190/120 130/80 3 0 
(12 mo) 
6 10 M BRAS: right 76 0 90 0 170/110 120/80 4 1 
BRAS: left 60 0 90 0 (12 mo) 
7 22 F LRAS Not measured 80 30 180/110 180/90° 4 2 
(12 mo) 
Repeat 80 0 70 20 180/100 180/90° 
PTRA at (3 mo) 
1yr 
Repeat 70 0 80 0 180/90 160/86° 2 1 
PTRA at (2 mo) 
3 mo 
8 12 F LRAS 80 10 90 20 170/110 130/80 2 0 
(9 mo) 
9 10 F RRAS 70 12 90 20 160/110 120/80 2 0 
(12 mo) 
10 20 F BRAS: right 120 0 90 0 210/120 160/80° 4 1 
BRAS: left 90 0 80 0 (6 mo) 
left Unsuccessful 90 90 
branch 
PTRA repeated for resteno- 100 0 80 0 160/86 130/80° 
sis of right side at 6 mo (2 mo) 
11 23 F LRAS 80 0 90 20 170/120 130/90 3 0 
(6 mo) 
12 17 M BRAS: right 140 24 90 30 220/140 210/130° 4 2 
BRAS: left 80 30 100 30 (4 mo) 
PTRA repeated for resteno- 
sis at 4 mo 
BRAS: right 140 0 80 0 210/130 130/80° 
BRAS: left 50 0 70 0 (2 mo) 
13 18 M LRAS Not measured 90 30 200/120 140/90° 3 1 
(6 mo) 
14 15 F LRAS 30 14 70 20 190/110 120/80? 4 1+S 
(1 mo) 
15 14 F BRAS: right 130 1§ 90 0 180/110 130/90° 3 1 
BRAS: left Not measured 90 30 (1 mo) 
16 5 M RRAS Not measured 90 0 150/100 120/80° 4 1+S 
(2 mo) 
17 18 M RRAS 80 0 80 0 170/100 160/90° 2 1 
(1 mo) 
18 28 M LRAS Unsuccessful 90 90 170/120 170/120 3 3 
19 14 M RRAS Unsuccessful 90 90 160/110 160/110 3 3 
20 12 F BRAS: right Unsuccessful 90 90 160/110 160/110 3 3 





* Blood pressure was measured while patient was taking antihypertensive drugs. 
Note.—LRAS = left renal artery stenosis, RRAS = right renal artery stenosis, BRAS = bilateral renal artery stenosis, PTRA = percutaneous transluminal renal 


angioplasty, S = nephrectomy for diffuse renal artery disease of opposite kidney 3-4 weeks after contralateral PTRA. 
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Fig. 1.— 10-year-old boy with severe uncontrolled hypertension. 


A, Anteroposterior intraarterial digital subtraction angiogram of abdominal aorta shows a long 
segment narrowing in its perirenal segment and tight proximal stenosis of both renal arteries 


(arrowheads). 


B, After angioplasty, intraarterial digital subtraction angiogram shows normal diameter of both 


renal arteries and brisk antegrade flow (arrows). 


was 187.1 + 19.4 (range, 150-220 mm Hg), immediately after 
angioplasty it was 142.5 + 13.8 mm Hg (range, 120-170 mm 
Hg), and 24 hr after angioplasty it was 142.8 + 11.5 mm Hg 
(range 130-160 mm Hg). The diastolic blood pressure (mean 
+ 1 SD) before angioplasty was 115.3 + 12.3 mm Hg (range, 
90-140 mm Hg), immediately after angioplasty it was 90.4 + 
9.9 mm Hg (range, 70-110 mm Hg), and 24 hr after angio- 
plasty it was 92.2 + 7.2 mm Hg (range, 80-100 mm Hg). The 
number (mean + 1 SD) of antihypertensive drugs necessary 
to relieve hypertension before angioplasty was 3.30 + 0.67 
(range, 2-4), and after angioplasty the number was 1.00 + 
0.77 (range, 0-2). 

Overall, 33 lesions were treated in 20 patients. In 28 lesions, 
in which the follow-up period ranged from 1 to 18 months 
(mean, 8 months), angioplasty procedures were technically 
successful. Restenosis occurred in six of these lesions (21%). 
Of the 27 lesions initially treated, the primary patency rate, as 
reflected by both technical success and angiographic or clin- 
ical follow-up that showed continued patency without subse- 
quent intervention, was 63% (17 lesions). The secondary 
patency rate, as reflected by both technical success and 
angiographic or clinical follow-up that showed continued pa- 
tency after any necessary intervention, was 81% (22 lesions). 

Of the 22 lesions in which treatment was technically suc- 
cessful, the primary patency rate, as reflected by angiographic 
or clinical follow-up that showed continued patency without 
further intervention, was 77% (17/22). The secondary patency 
rate, as reflected by angiographic or clinical follow-up that 
showed continued patency even allowing for further neces- 
sary intervention, was 100% (22/22), with an average follow- 
up time since the most recent procedure of 6.2 months. 

Of the 20 patients initially entered into the study as angio- 
plasty candidates for treatment of their disease, the primary 
success rate, as determined by an adequate clinical blood 
pressure response without further intervention after the first 
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Fig. 2.—28-year-old man with severe uncon- 
trolled hypertension. Anteroposterior intraarterial 
digital subtraction angiogram of abdominal aorta 
shows dilatation, tortuosity, and localized saccular 
outpouchings in aorta. Right renal artery is ob- 
structed. Left renal artery has an eccentric, tight, 
proximal stenosis (arrowhead). 


angioplasty, was 65% (13/20). The secondary clinical success 
rate, as reflected by adequate blood pressure control with 
decreasing medications allowing further intervention, was 
85% (17/20). 

Of the 17 patients in whom the procedure was technically 
successful (i.e., the clinically important lesions were success- 
fully treated with angioplasty), the primary clinical success 
rate, as reflected by adequate control of blood pressure with 
a lessening of the number of antihypertensive medications 
without further intervention, was 76% (13/17). The secondary 
Clinical success rate, as reflected by adequate control of blood 
pressure with a decrease in the number of antihypertensive 
medications needed allowing further intervention, was 100% 
(17/17). 

All restenoses occurred in patients in whom there was 20- 
30% residual stenosis and 10-30 mm Hg residual pressure 
gradient after initial angioplasty. No restenosis was observed 
in patients in whom the residual stenosis was less than 20% 
and residual transstenotic pressure gradient was less than 
10 mm Hg. Restenosis was observed 6 months after angio- 
plasty in each of two patients, and 4 and 12 months after 
angioplasty in one patient each. 

A major complication necessitating emergent laparotomy 
occurred in one patient, an 18-year-old man who had had an 
uneventful angioplasty for stenosis of the right renal artery. 
He was fine until 30 min after angioplasty, when hypotension 
developed. Rapid administration of IV fluids caused the blood 
pressure to stabilize 15 min later, but hypotension recurred 
after 30 min. At this stage, his abdomen was soft, not tender, 
and he was asymptomatic. He had guarding and rigidity in 
the right flank 2 hr after angioplasty. Repeated angiography 
showed no evidence of leak or dissection. The right renal 
artery looked normal. A sonogram showed a retroperitoneal 
hematoma around the right kidney. At surgery, the aorta and 
right renal artery were found to be normal. A large, retroperi- 
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toneal hematoma was found and was drained. Two holes 
were found in the proximal part of the right renal vein. These 
were successfully repaired. The patient had a stormy post- 
operative course but eventually recovered. 


Discussion 


Nonspecific aortoarteritis is panarteritis involving all layers 
of the vessel wall [2]. Its histopathology is characterized by 
inflammatory changes, with marked tissue destruction and 
connective tissue proliferation initiated at the junction of the 
media and adventitia or the outer layer of the media. Endar- 
teritis obliterans or onionskin-type fibrosis is present in the 
vasa vasorum. Thickening of the intima results from an in- 
crease in ground substance and proliferation of connective 
tissue [4]. Underlying chronic inflammation, extensive periar- 
terial fibrosis, thickening, and adhesions combine to produce 
tough, noncompliant, and rigid vessel walls. As a result, the 
stenotic lesions are likely to resist prolonged, repeated me- 
chanical distension before responding to balloon dilatation. In 
addition, risk of arterial tear or rupture would be high if the 
vessel were overdistended during angioplasty. 

In this study, predilatation by Teflon catheters was required 
in most patients before the balloon catheter could be posi- 
tioned across the stenosis. Multiple, prolonged balloon infla- 
tions were necessary in order to obtain a substantial decrease 
in the stenosis. The procedure was further complicated by 
the fact that the patients invariably complained of intense, 
transient backache, which often was accompanied by a drop 
in systemic blood pressure during balloon inflations. We did 
not encounter an obstructive arterial dissection or rupture in 
any patient, probably because we did not use oversized 
balloon catheters. Minor, nonobstructive intimal flaps were 
frequently observed, but had no clinical consequence. We did 
not observe any pseudoaneurysm at the site of angioplasty 
in seven patients who had follow-up angiography. 

The value of percutaneous transluminal renal angioplasty 
in the management of hypertension in nonspecific aortoarter- 
itis has been described only infrequently in the literature [2, 
6-11]. Most of these reports concern a single case or a small 
group of patients [2, 6-8, 10]. In one large study, Dong et al. 
[9] reported their experience with transluminal renal angio- 
plasty in 30 patients. Of these, the lesion was associated with 
nonspecific arteritis in 22 patients. The procedure was suc- 
cessful in treating hypertension in 86% of these patients. 
Complications were encountered in seven patients (excessive 
bleeding in three, pseudoaneurysm needing surgery in one, 
occlusion of the renal artery in two, and dissection of the renal 
artery in one). No specific technical problems related to the 
angioplasty procedure were described. 

The procedure was considered technically successful in 
treating 28 lesions (85%) in 17 patients (85%). Clinical cure 
or improvement was achieved in 14 (82%) of these 17 pa- 
tients. In two patients, an improvement was observed imme- 
diately after angioplasty, but the blood pressure rose again 
after 24 hr. Both these patients had diffuse disease in the 
contralateral renal artery with a small, poorly functioning 
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kidney. This kidney was subsequently excised, after which 
the blood pressure was well controlled. 

All technical failures in this study were related to an unfa- 
vorable angiographic morphology. The diseased renal artery 
arose from a stenosed or tortuous segment of the aorta in 
these patients and showed tight, proximal stenosis (Fig. 2). 
In the presence of concomitant abdominal aortic disease, the 
distal tip of the femoral-visceral catheter gets straightened in 
the diseased segment of the aorta, making selective renal 
artery catheterization virtually impossible. The brachial ap- 
proach may be more successful in these circumstances, but 
we did not use this approach because balloon catheters of 
the desired shaft length were not available. In such circum- 
stances, even if a guidewire manages to enter the renal artery, 
it is difficult to introduce stiff conventional balloon catheters 
into the diseased renal artery because there is not enough 
space in the aorta to bend the distal tip of the balloon catheter 
to conform to the direction of the renal artery. We have found 
that preshaped balloon catheters also are ineffective in this 
situation. The problem is further accentuated if the renal artery 
stenosis is especially proximal or tight, making the entry of 
the balloon catheter extremely difficult. A recently developed 
guidewire angioplasty balloon catheter (Tegwire, MediTech) 
may be useful in this situation because of its low profile and 
high degree of torque. We successfully used this balloon 
catheter in one patient in whom a conventional balloon cath- 
eter had failed to cross the obstruction because of the pres- 
ence of concomitant abdominal aortic stenosis and tight ste- 
nosis in the proximal renal artery. 

A major complication necessitated emergent surgery in one 
patient. This patient had a renal vein injury after apparently 
uneventful renal angioplasty. The mechanism of renal vein 
injury remains unclear. The diagnostic catheter could not have 
caused this trauma because its intraluminal position was 
checked by injection of contrast material. We excluded arterial 
tear or rupture as a possibility because of angiographic and 
surgical findings. The exchange guidewire may have punc- 
tured the artery and caused trauma to the vein. The arterial 
puncture site was sealed by the muscles in the wall. The 
bleeding may have been accentuated by an altered coagula- 
tion profile resulting from concomitant heparin and antiplatelet 
drug administration. 

Restenosis was seen in six lesions (21%), all of which had 
20-30% residual stenosis and more than 10 mm Hg residual 
transstenotic pressure gradient after initial angioplasty. We 
may have underassessed the size of the balloon catheter in 
these instances, because accurate measurement of luminal 
diameter on exposed digital angiographic films can be difficult. 
Use of an oversized balloon catheter during initial angioplasty 
may have abolished the residual stenosis and gradient in 
these patients. However, we think that the attendant hazards 
of overdistension of these vessels outweigh the advantages. 
Residual stenosis of more than 20% and residual pressure 
gradient of more than 10 mm Hg appear to increase the risk 
of restenosis. 

We conclude that percutaneous transluminal renal angio- 
plasty in nonspecific aortoarteritis is associated with specific 
technical problems but shows encouraging short-term results 
and has an acceptable complication rate. 
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Localized Fat Collection Adjacent 
to the Intrahepatic Portion of the 
Inferior Vena Cava: A Normal Variant 


on CT 





We describe a normal focal collection of fat that has the appearance of a mass on CT 
scans. The fat is adjacent to the intrahepatic portion of the inferior vena cava and is 
contiguous to the fat around the subdiaphragmatic portion of the esophagus. This 
finding occurred in 11 (0.5%) of 2227 patients who had CT scans at our institution. The 
fat collections did not change in size or shape on follow-up CT scans obtained 2 to 29 
months later (mean, 14 months). The localized fat collections were at the level of or 
above the confluence of the hepatic veins and the inferior vena cava, and were medial 
to the inferior vena cava. They were less than 22 mm in length, oval, and had attenuation 
values ranging from —113 H to —23 H on unenhanced CT scans. The collections 
enhanced slightly on scans obtained after contrast administration. T1-weighted (600/ 
15) MR images obtained in three cases showed a high-intensity mass that was contig- 
uous to high-intensity fat around the esophagus, medial to the intrahepatic portion of 
the inferior vena cava. 

Our experience suggests that a masslike fat collection adjacent to the intrahepatic 
portion of the inferior vena cava is a normal variant on CT scans and should not be 
mistaken for an abnormality. 


AJR 158:423-425, February 1992 


A localized fat collection can simulate an abnormality such as a fat-containing 
tumor on CT scans [1, 2]. We describe a masslike collection of fat adjacent to the 
intrahepatic portion of the inferior vena cava (IVC), which is considered to be a 
normal variant on CT scans. The location, size, shape, and attenuation value of 
the fat collection were studied in 11 patients. 


Materials and Methods 


Abdominal CT scans of 2227 patients obtained consecutively during 20 months were 
reviewed retrospectively. A localized fat collection adjacent to the intrahepatic portion of the 
IVC was seen on abdominal CT scans in 11 patients (0.5%). Not only the localized fat 
collection adjacent to the intrahepatic portion of the IVC but also body fat such as subcuta- 
neous and internal fat deposits were evaluated on CT scans in 11 patients (five men, six 
women; 54-76 years old). Three patients had hepatoma, two had cirrhosis of the liver, two 
had lung cancer, one had gastric cancer, one had rectal cancer, one had diabetes mellitus, 
and one had gastric ulcer. The localized fat collections were not pathologically confirmed, but 
none of them changed in size and shape on follow-up examinations 2 to 29 months later 
(mean, 14 months). 

The CT scans were obtained with a GE CT/T 9800 (GE Medical Systems, Milwaukee, WI) 
by using a 10-mm slice thickness and a 10-mm interslice gap. Unenhanced CT scans were 
obtained in three patients, contrast-enhanced CT scans in two patients, and both in six. MR 
images (Siemens, Magnetom, 1.5 T) were obtained in three patients. Celiac arteriography 
was performed in two patients with hepatoma and in one patient with hepatic metastasis of 
rectal cancer. 
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Results 


The localized fat collections were seen medial (10/11, 91%) 
or anterior (1/11, 9%) to the IVC at or above the level of 
confluence of the hepatic veins and the IVC. The fat collec- 
tions were oval (8/11, 73%; Fig. 1) or round (3/11, 27%; Fig. 
2). The fat collections that were oval had an oblique (6/8, 
75%; Fig. 1) or horizontal (2/8, 25%; Fig. 3) orientation. The 
size ranged from 10 to 15 mm in six patients, from 15 to 20 
mm in four patients, and was 22 mm in one patient. In eight 
patients in whom attenuation values on unenhanced CT scans 
could be calculated, the values for the fat collection ranged 
from —113 H to —23 H (mean, —80 H). The localized fat 
collections enhanced slightly after administration of contrast 
medium. T1-weighted (600/15) MR images in three patients 
showed a high-intensity mass medial to the intrahepatic por- 
tion of the IVC that was contiguous to high-intensity fat 
around the esophagus (Figs. 2 and 4). No abnormalities were 





A 


Fig. 1.—54-year-old woman with rectal cancer. 
Enhanced CT scan shows an oval fat-density (—21 
H) mass (straight arrow), 10 x 5 mm, medial and 
adjacent to intrahepatic portion of inferior vena 


cava (curved arrows). esophagus (E). 
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seen in the area of the fat collection on a celiac arteriogram. 
Only one of 11 patients had significant subcutaneous and 
internal fat deposits on CT scans (Fig. 2). 


Discussion 


A few reports have been published concerning the normal 
variants of fat deposits on abdominal CT scans [1, 2]. How- 
ever, no reports of a localized fat collection adjacent to the 
intrahepatic portion of the IVC have been published. 

These localized fat collections are extrahepatic and located 
medial to the IVC at or above the level of confluence of the 
hepatic veins and the IVC on CT scans. They are contiguous 
to the fat around the subdiaphragmatic portion of the esoph- 
agus. As they do not change in size or shape on follow-up 
examination, they are assumed to be normal fat collections. 

The fat collections have a characteristic location, orienta- 





Fig. 2.—7 1-year-old woman with diabetes mellitus. 

A, Unenhanced CT scan shows a round fat-density (— 113 H) mass (arrow), 22 x 20 mm. 

B, T1-weighted (600/15) MR image shows a high-intensity mass (black arrow) medial to intrahe- 
patic portion of inferior vena cava (white arrow) that is contiguous to high-intensity fat around 


Fig. 3.—64-year-old woman with cirrhosis of 
liver. 

A, Unenhanced CT scan shows an oval fat- 
density (—62 H) mass (arrow), 15 x 8 mm. 

B, Enhanced CT scan shows that fat collection 
(straight arrow) is anterior to intrahepatic portion 
of inferior vena cava (curved arrow) and is en- 
hanced up to 16 H. 
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Fig. 4.—59-year-old man with hepatoma. 

A, Enhanced CT scan shows an oval fat-den- 
sity (-—96 H) mass (white arrow), 20 x 14 mm, 
medial and adjacent to intrahepatic portion of 
inferior vena cava (IVC, black arrows). 

B, T1-weighted (600/15) MR image shows a 
high-intensity mass (black arrow) medial to intra- 
hepatic portion of IVC (white arrows) that is 
contiguous to high-intensity fat around esopha- 
gus (E). 


A 


tion, size, shape, and attenuation value on CT. The intrahe- 
patic portion of the IVC runs forward and curvilinear adjacent 
to the fat collection (Figs. 1, 2, 4). The presence or absence 
and the size of the fat collection are not related to obesity. 
The fat collections are usually small and therefore are not 
always seen on either unenhanced or enhanced CT scans 
because of motion artifacts associated with breathing. 

The localized fat collections adjacent to the intrahepatic 
portion of the IVC are usually oval, oblique in orientation, 
small, and have negative attenuation values. They are rela- 
tively easy to identify as a normal variant. However, in cases 
where the fat collection is large and round, it may simulate a 
fatty tumor of the liver, such as lipoma, angiomyolipoma, or 
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hepatoma. In a patient with cirrhosis of the liver or hepatoma, 
fatty metamorphosis of hepatoma must be excluded. In the 
case of a small and relatively high attenuation fat collection, 
thrombosis of the IVC or fluid in the superior recess of the 
lesser sac should be considered. MR imaging may be useful 
in differentiating fat from various lesions. 
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Videotape Review 





RSNA Today Video, Vol. 5, No. 1. Oak Brook, IL: The Radiological Society of North America, 1991. $55; by 
subscription, 6 issues annually at $185 for RSNA members and $225 for nonmembers (VHS videotape) 


This edition of RSNA Today Video consists of four segments 
moderated by William Casarella. In the first one, Irvin |. Kricheff and 
Edward V. Staab, chairman of the Electronic Communications Com- 
mittee of the Radiological Society of North America (RSNA), discuss 
electronic aids to radiologic education and practice. Specifically, Dr. 
Staab describes the InfoRAD exhibit at the RSNA, a showcase and 
testing area designed to familiarize radiologists with the usefulness 
of computer technology. The viewer is taken on a short video tour of 
the facility, and the potential usefulness of a computer database and 
of advancing videodisc technologies is discussed. 

In section 2, Philip O. Alderson speaks on scintigraphy of gastroin- 
testinal bleeding. Dr. Alderson discusses the isotopes used and the 
problems in interpreting the results of these examinations. Examples 
are shown, and the difficulties in determining the site of bleeding are 
addressed. Potential errors can be made because of the changing 
patterns of antegrade and retrograde motion. The necessity of a cine 
display to augment the analog frozen images is demonstrated and 
discussed, as is the technique of acquisition of the images. 

In section 3, Morton A. Bosniak presents “Differentiating Between 
Benign and Malignant Cystic Lesions of the Kidney.” First, the findings 
on radiographs that help in this differential diagnosis are discussed. 


This is followed by a useful categorization scheme for these lesions, 
ranging from benign to malignant and from surgical to nonsurgical. 
Specific lesion characteristics are categorized, including calcifications 
and the fluid density of the lesion. Although CT is described as the 
most important technique available, others, such as sonography, can 
also be used. Finally, the indeterminate lesion is covered, and four 
test cases are presented. 

In the last section, Per G. Lindgren describes the usefulness of his 
invention, the Biopty biopsy gun. The history of the invention of the 
gun, the need for a needle guide, the preference for 18-gauge needles, 
and the technique of use are all fully described. Evidently, Dr. Lindgren 
feels comfortable using the 18-gauge needle (Tru-Cut type) in liver, 
spleen, pancreas, and so forth and has experienced few complica- 
tions in more than 5600 cases. 

Although of interest to the general radiologist, this videotape is 
somewhat disjointed, and the topics discussed are so totally unre- 
lated that its overall usefulness is limited. 


Hano A. Siegel 
Mercy Hospital 
San Diego, CA 92103 
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Technical Note 





The Upper Arm Approach for Placement of Peripherally 
Inserted Central Catheters for Protracted Venous Access 


James C. Andrews,’ M. Victoria Marx,’ David M. Williams,’ lan Sproat,’ and Suzette C. Walker-Andrews” 


Obtaining and maintaining venous access in patients with 
a variety of chronic diseases is a constant problem for those 
involved in the care of these patients. A recently developed 
option for medium-duration (weeks to months) venous access 
is the peripherally inserted central catheter (PICC). This is a 
2- to 5-French silicone catheter advanced into the superior 
vena cava from an antecubital vein, usually placed by specially 
trained nurses. These catheters have been shown to be safe 
and effective in patients with a wide variety of diseases [1-3]. 
Limitations to this approach include variable patient tolerance 
to the presence of a catheter in the antecubital fossa and the 
inability to place the catheter in patients with thrombosed 
antecubital veins. We have developed a technique to place 
PICCs that relies on fluoroscopic guidance and puncture of 
the basilic or brachial vein in the mid portion of the upper arm 
to overcome these limitations. 


Subjects and Methods 


Between May 1990 and March 1991, 70 patients were referred to 
the interventional radiology service at the University of Michigan 
Medical Center for placement of 73 indwelling central venous cathe- 
ters. Three patients had two catheters placed for separate courses 
of IV therapy. The group included 36 women and 34 men, 17-91 
years old. The primary indications for venous access were chemo- 
therapy for malignant tumors (25 cases), long-term antibiotic therapy 
(47 cases), and long-term IV administration of diuretics (one case). 
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The patient's nondominant arm was used whenever possible. 
Patients were positioned with the arm abducted and externally ro- 
tated. Before the procedure, a small-bore IV catheter was placed 
peripheral to the planned insertion site of the PICC. This was fre- 
quently the most difficult part of the procedure, and in some cases 
dictated which arm was chosen for PICC placement. 

Contrast medium (Omnipaque 240, Winthrop Pharmaceuticals, 
New York) was injected via the peripheral IV catheter. The largest 
opacified vein near the junction of the middle and upper thirds of the 
arm, either the brachial or basilic, was chosen as the insertion site 
for the PICC (Fig. 1). The puncture site was made high enough in the 
arm so that the external portion of the catheter system did not cross 
the elbow after it was sutured and taped in place. 

A second bolus of contrast medium was injected and the chosen 
vein was punctured with a 19-gauge Seldinger needle (Inrad, Grand 
Rapids, Ml) under fluoroscopic guidance. A 0.035 in. (0.97 mm) 
guidewire was advanced into the subclavian vein, and a 5-French 
dilator was placed to maintain venous access. 

The PICC system used was a 5-French silicone catheter (Cook 
Inc., Bloomington, IN) with a larger, stiffer hub end and pinch clamp 
(Fig. 2) to allow easy handling by the patient and the patient's 
caregivers. The required length of catheter was determined by ad- 
vancing a guidewire through the dilator to the junction of the superior 
vena cava and the right atrium, and the catheter was cut to the length 
traversed by the wire. The dilator was then exchanged for the 5.5- 
French peel-a-way sheath included in the PICC set. Although the 
catheter has an endhole, the blunt tip and the high friction of the 
silicone catheter material make it difficult to place over a guidewire 
without the sheath. After the catheter was advanced into position, 
the sheath was removed, and the wings at the catheter hub sutured 
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in place with two 4-0 proline sutures. The catheter was then flushed 
with heparin solution. 

After the catheter was placed, an occlusive dressing (OpSite, Smith 
& Nephew Medical, Massillon, OH) was applied to the insertion site. 
The dressing was changed every 5 to 7 days. Care was taken to 
flush the catheter with heparin solution after each use. 


Results 


Catheter placement was successful in all patients. In one 
patient, placement was unsuccessful in one arm, but the 
catheter was easily placed in the other, giving a success rate 
of 99% (73/74 attempts). In the one failure, an initially unsuc- 
cessful puncture attempt resulted in spasm of the brachial 
vein and extravasation of contrast material, which made 
further attempts at puncture difficult and ultimately unsuc- 
cessful. 

Catheters were indwelling from 2 days to 14 weeks, with 
a median of 3 weeks. The catheters were used for chemo- 
therapy, administration of antibiotics, hyperalimentation, ad- 
ministration of diuretics, and transfusion of blood products. 
Blood sampling could be done reliably, but an exact success 
rate is unavailable because of limited follow-up for each 
sampling attempt among outpatients. Acceptance by patients 
and nursing staff was excellent. Although most of the cathe- 
ters were placed in hospitalized patients, 27 were intended 
for use in outpatients or after discharge from the hospital. 

Complications requiring removal of the PICC occurred in 
four patients. Two catheters (8%) were removed because of 
infection 14 and 86 days after implantation. In one case, frank 
infection was present around the insertion site, and in the 
other, blood cultures contained Gram-positive organisms, and 
the catheter was thought to be the source. Symptomatic 
acute subclavian vein thrombosis developed in one patient 
14 days after PICC placement. Arm swelling responded to 
removal of the catheter and systemic anticoagulation. In 
another patient who had chronic thrombosis of the subclavian 
vein, the catheter was advanced into the superior vena cava 
by way of a collateral vein. The arm swelling worsened 2 days 
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Fig. 1.—Venogram of left upper extremity ob- 
tained before placement of a peripherally in- 
serted central catheter shows that either of the 
paired brachial veins (long arrow) or the basilic 
vein (short arrow) can be used for access. In 
this case, a brachial vein was chosen because 
of its larger size. 


Fig. 2.—Peripherally inserted central cathe- 
ter. Note wings to allow catheter to be sutured 
in place and large-diameter external segment 
that allows easy handling. 


after the PICC placement, and it was assumed that the 
collateral vessel thrombosed around the catheter. In two other 
patients, the catheters became occluded after use for blood 
drawing, but were easily cleared with urokinase. 


Discussion 


The conventional options for patients requiring protracted 
venous access include placement of multiple peripheral IV 
catheters, placement of a Hickman or Broviac right atrial 
catheter from the subclavian or internal jugular approach, or 
placement of a subcutaneous infusion port, also from the 
subclavian or jugular approach [4, 5]. These devices are 
intended for access lasting months to years. Peripherally 
inserted central catheters are intended for patients who re- 
quire venous access for up to 3-5 months. They retain the 
advantages of central venous access (the ability to administer 
hypertonic or sclerosing solutions without damaging periph- 
eral veins) without the risk of pneumothorax associated with 
central venous punctures. The central location of the catheter 
tip also allows them to be left in place for extended periods 
relative to conventional peripheral IV catheters. The lower 
cost, ease of placement, and simplified logistics (placement 
is usually performed at the bedside) make this an excellent 
option for medium-duration access. 

Our choice of the mid arm, or brachial, approach for PICC 
placement evolved from our experience with this approach 
for placement of subcutaneous infusion ports for long-term 
venous access [6]. We found that even in patients with poor 
peripheral access, the brachial or basilic vein was patent in 
the mid portion of the arm. These veins are not easily seen 
or felt, and thus are not generally subjected to frequent 
venopuncture. 

When the initial attempt to cannulate the vein was unsuc- 
cessful, extravasation of contrast medium was noted at fluo- 
roscopy. Subsequent attempts to puncture the vein were 
made more difficult by obscuration of the veins. Venous 
spasm frequently accompanied these unsuccessful punc- 
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tures. Administration of nitroglycerin, 100 wg through the 
peripheral IV, while compressing the cephalic vein to divert 
the drug into the brachial and basilic veins, helped to resolve 
spasm. We have begun to use nitroglycerin in some patients 
before the initial puncture to prevent vasospasm. 

The complications we noted are similar in frequency and 
type to those previously reported. Of 87 PICC placements, 
Bottino et al. [1] had three patients with symptomatic acute 
thrombosis of the subclavian vein and four patients with 
positive cultures of material from the catheter tip at the time 
of removal. Although patients’ acceptance was not examined 
systematically, patients seemed to be satisfied with this ap- 
proach to PICC placement. Patients were able to carry on 
normal activities with the catheters in place, without the 
impediment of a catheter crossing the elbow. 

In our institution, PICCs are currently placed at the bedside 
in patients with adequate peripheral veins, and the more 
complex fluoroscopic procedure is reserved for patients in 
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whom the bedside procedure fails or for those who wish to 
avoid a catheter placed across the elbow. 
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Comparison of the Efficacy of 
Digital Subtraction and Film- 
Screen Angiography of the Lower 
Limb: Prospective Study in 50 Patients 





We prospectively compared current digital subtraction angiography (DSA) with con- 
ventional film-screen angiography (FSA) of the lower limb for evaluation of areas of 
arterial stenosis and degree of arterial visualization. Fifty patients had both DSA and 
FSA of a single lower limb. Specific anatomic sites (examiner-selected sites) throughout 
the lower limb were marked on each film by an experienced angiographer (examiner). 
These sites consisted of the common femoral, superficial femoral, popliteal, anterior 
tibial, posterior tibial, peroneal, and dorsalis pedis arteries and bypass grafts, when 
present. The films were then reviewed blindly by two different experienced angiogra- 
phers (observers). All sites were graded for the degree of arterial narrowing based on 
a standard scale (grade 1 = normal, grade 5 = occluded) that also included grading for 
nonvisualization (grade 6). Each observer also selected the most stenotic site in each 
anatomic area (observer-selected sites). The data were analyzed for the entire lower 
limb and at specific anatomic sites. DSA sites were judged to be slightly more narrowed 
(p < .05) in the superficial femoral artery by both observers and in the common femoral! 
artery, bypass graft, and overall by a single observer. No other significant differences 
were found in grade of stenosis or vessel visualization for examiner-selected sites. For 
observer-selected sites, observers agreed on the location of the most stenotic site 76% 
of the time for FSA and 69% of the time for DSA. No significant difference was found in 
grade of stenosis or vessel visualization for either observer for the entire lower limb or 
at specific anatomic sites. These findings were present when all sites chosen were 
considered and when there was agreement between sites chosen on FSA and DSA for 
each observer. 

In conclusion, optimal-quality FSA and DSA produced virtually equivalent results for 
angiography of the lower limb for both grade of stenosis/occlusion and vessel visuali- 
zation. 
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Intraarterial digital subtraction angiography (DSA) is widely used to visualize the 
vascular system. DSA has been shown to be faster and more cost-effective and 
requires less contrast material than traditional film-screen angiography (FSA) does 
[1-3]. Direct comparison studies have shown that the diagnostic image quality of 
DSA is equivalent to that of FSA for trauma, limb tumors, and hepatic tumors, as 
well as for the digital arteries of the hand [4-9]. A number of studies have attempted 
to compare DSA with FSA of the lower limb in patients with vascular insufficiency 
[10-14]. However, all such studies to date have, at least in part, compared DSA 
and FSA in different patients. The purpose of this study was to compare the degree 
of vessel visualization (opacification) and grade of stenosis between FSA and DSA 
in the same patients. 


Subjects and Methods 


Fifty patients had FSA and DSA of a single limb in a random fashion, with the initial 
angiogram alternated between studies. Patients were admitted to this study after informed 
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consent was obtained if they were adults, had normal renal function, 
and clinically required only single-leg angiography (severe claudication 
or limb salvage). 

FSA was performed with a Poly Diagnost A/U (Philips Medical 
Systems, Inc., Shelton, CT) fluoroscopic unit and a traditional trans- 
lating table with a 35- by 35-cm Puck UD 4 serial film changer (Elema- 
Schonander, Solina, Sweden). The large focal spot (1.0 mm) was 
used with a measured resolution of 3.50 line pairs/mm. DSA was 
performed with a Philips Digital Vascular Imaging System (DVI-V) 
with a 14-in. (35-cm) trimode structured cesium iodide-input phos- 
phor image intensifier, which had a measured resolution of 1.11 Ip/ 
mm. The video system had a fluoroscopic mode of 1049 lines and a 
digital mode of 525 lines. This system contained an interlaced scan 
monitor with a 512 x 512 x 10 matrix. Images from DSA were 
recorded only in the 14-in. mode with a multiformat camera. 

FSA was performed with the catheter placed in the external iliac 
artery from either an ipsilateral or contralateral approach through 
which 60 ml of low-osmolality contrast material (ionexol, Omnipaque 
350, Winthrop Pharmaceuticals, New York, NY) was injected at a 
rate of 5 ml/sec [15]. Films were made with the traditional translating 
table. DSA was performed at the same table locations as FSA. 
Catheter positions were identical for both techniques, as was the 
injection rate (5 ml/sec). A total of 10 ml was injected for each DSA. 
A mixture of 50% contrast material (ionexol) and 50% normal saline 
was injected for images to the level of the knee; 100% contrast 
material was injected for more distal images. Patients received an 
average of 33 ml of contrast material for DSA of the entire lower limb. 
Reactive hyperemia was induced in all patients by using a blood 
pressure cuff elevated to greater than systolic levels for 5 min [16, 
17]. The DSA and FSA examinations were 15 min apart. The limb to 
be studied was fastened securely with tape in all patients to decrease 
motion. In addition, all patients were given IV sedation [18]. 

All DSA films were postprocessed with remasking and pixel shifting 
to obtain optimal images at all levels. Enough images were photo- 
graphed so that all levels had maximum contrast visualization and an 
image with bones to serve as landmarks. 

The completed studies were marked with boxes of interest cor- 
rected for differences in film size between DSA and FSA (average 
magnification level was 3.5; Fig. 1). The boxes were placed at 
preselected sites based on anatomic areas as follows: common 
femoral artery (one site) over the middle of the femoral head; super- 
ficial femoral artery (three sites) at the junction of the upper and 
middle thirds, at the junction of middle and lower thirds, and at the 
adductor canal; popliteal artery (one site) over the knee articulation; 
mid anterior tibial artery (one site); mid posterior tibial artery (one 
site); mid peroneal artery (one site); and dorsalis pedis artery (one 
site) over the midportion of the navicular bone. In addition, 21 patients 
with bypass grafts had the proximal and distal anastomotic sites 
marked as well as the midportion of the graft. Overall, there was a 
total of 513 examiner-selected sites. All sites were carefully measured 
for each patient, and care was taken to mark the exact site on FSA 
and DSA images. In cases of complete obstruction, boxes of interest 
were placed at the measured site where a patent artery would be 
visualized. 

The resulting angiograms were shown separately in a random 
fashion to two experienced angiographers (observers) who were 
blinded to the patient’s identity. The observers were shown the FSA 
and DSA studies separately for a single patient. At a single sitting, 
each observer reviewed 50% FSA and 50% DSA images. FSA and 
DSA studies of the same patient were never reviewed at the same 
session. Observers were allowed to use all available images. At each 
site marked, stenosis was graded by each examiner on the basis of 
a standard scale: 1 = normal, 2 = stenosis less than or equal to 9%, 
3 = stenosis of 10-49%, 4 = stenosis of 50-99%, and 5 = occlusion 
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[19]. Areas of nonvisualization were given grade 6. All images (FSA 
and DSA) were obtained in an anteroposterior plane. When the 
positioning was not suitable to visualize graft anastomoses, a grade 
7 was given. In addition to observing examiner-selected sites, each 
reviewer was asked to mark the area of greatest stenosis/occlusion 
in each of the superficial femoral, popliteal, anterior tibial, posterior 
tibial, and peroneal arteries as well as bypass grafts, when present, 
in 21 patients. Observers were not asked to mark areas in the 
common femoral or dorsalis pedis arteries because their relatively 
short length was mostly covered by the examiner-selected site. 
Overall, a total of 271 sites were selected by observers. The reviewers 
were instructed to mark areas of nonvisualization as the areas of 
worst stenosis (i.e., grade 6). 

The resulting data for examiner- and observer-selected sites were 
analyzed for grade of stenosis (grades 1-5) by using one- and two- 
sample t tests and for vessel visualization (grades 1-5 vs grade 6) 
by using the McNemar test for nonindependent frequencies with a 
significance level less than .05 [20]. Grade 7, poor visualization of 
graft anastomotic sites because of positioning, was not considered 
in the analysis of the examiner-selected sites. For examiner-selected 
sites, data from the three sites of the superficial femoral artery and 
the three sites of the lower leg (anterior tibial, posterior tibial, peroneal 
arteries) were combined (Table 1) such that more generalized ana- 
tomic regions (upper leg, knee, lower leg, foot) could be described 
angiographically. Data from observer-selected sites were analyzed 
for all sites and when each observer agreed between FSA and DSA 
on the location of selected sites. Any area chosen within a single 
occlusion was considered the same site. However, for stenoses, sites 
had to match exactly to be considered in agreement. Data were 
available from all patients, and no patients were excluded from the 
study. 


Results 


The data for examiner-selected sites are summarized in 
Table 1. In the 21 patients with bypass grafts, 14 anastomotic 
sites from observer 1 and 13 anastomotic sites from observer 
2 were visualized inadequately because of the patient’s po- 
sitioning, and these sites were given a grade of 7. After these 
were eliminated from the data, observer 1 had a total of 499 
examiner-selected sites and observer 2 had a total of 500 
examiner-selected sites. For these sites, a small but signifi- 
cant difference between DSA and FSA was found in grade of 
stenosis overall for only observer 1 (2.63 vs 2.81, t = —4.92, 
p <.0001). When individual arteries or areas were considered, 
a small but statistically significant difference was found in 
mean grade of stenosis for both observers for the superficial 
femoral artery (3.14 vs 3.34 for observer 1, t = —4.62, p < 
.0001; 3.10 vs 3.22 for observer 2, t = —2.36, p = .0196) 
and for observer 1 for the common femoral artery (1.68 vs 
2.04, t = —3.52, p = .0010) and bypass graft (1.33 vs 1.48, t 
= —2.00, p = .0512). In all cases, DSA demonstrated higher 
average grades (more stenotic). There was no difference in 
grade of stenosis for the popliteal, lower leg, or dorsalis pedis 
arteries. No significant difference in vessel visualization oc- 
curred either overall or at any specific location in the lower 
limb for either observer. 

The data for observer-selected sites are summarized in 
Tables 2 and 3. When observers were allowed to choose the 
site of greatest stenosis, there was a 66% (95% confidence 
interval = 61-72%) agreement for sites chosen on FSA and 
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Fig. 1.—A-H Film-screen angio- 
grams (A-D) and digital subtraction an- 
giograms (E-H) in an 86-year-old dia- 
betic man with nonhealing foot ulcer. 
Boxes were placed at measured sites 
for grading (examiner-selected sites). 
In addition, circles were placed by ob- 
servers at areas of worst stenosis/oc- 
clusion in each of superficial femoral, 
popliteal, anterior tibial, posterior tibial, 
and peroneal arteries and in bypass 
grafts, when present (observer-se- 
lected sites). Check marks were placed 
when worst sites were within or in- 
cluded a box. 
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TABLE 1: Mean Grades of Arterial Stenoses at Examiner-Selected Sites and Number of Those Sites Visible to Observers 





Mean Grade 
of Stenosis 
Site/Observer 
FSA DSA 

Common femoral artery 

Observer 1 1.68° 2.04 

Observer 2 1.64 1.70 
Superficial femoral artery 

Observer 1 3.14? 3.34 

Observer 2 3.10° 3.22 
Popliteal artery 

Observer 1 2.79 2.91 

Observer 2 2.87 2.81 
Lower leg 

Observer 1 2.83 2.95 

Observer 2 2.78 2.88 
Dorsalis pedis artery 

Observer 1 2.57 2.76 

Observer 2 3.21 3.24 
Bypass graft 

Observer 1 133° 1.48 

Observer 2 1.46 1.48 
Overall 

Observer 1 2.63° 2.81 

Observer 2 2.68 2.75 


Sites Visible on: 


Both Neither 

Studies FSA Only DSA Only Study 
47 0 0 3 
47 0 0 3 
148 0 0 2 
150 0 0 0 
47 1 0 2 
47 1 0 2 
132 10 4 4 
138 9 3 0 
37 6 4 3 
42 4 3 1 
48 0 1 0 
48 1 1 0 
459 17 9 14 
472 15 7 6 


aS AS ARR e SS 8 a EES Res 6 a a SS l E 


Note.—FSA = film-screen angiography; DSA = digital subtraction angiography. 


* Statistically significant difference (p < .05) between FSA and DSA grades for same observer. 


TABLE 2: Mean Grades of Arterial Stenoses at Observer-Selected Sites and Number of Those Sites Visible to Observers (All Sites) 


a a ee DEEE EEE EF ES SE LE ETS 2) SS FS SE SS ST 





Mean Grade Sites Visible on: 
of Stenosis 
Site/Observer ae THORS 
O 
FSA DSA Studies FSA Only DSA Only Study 

Superficial femoral artery 

Observer 1 4.19 4.15 48 1 0 1 

Observer 2 4.28 4.20 50 0 0 0 
Popliteal artery 

Observer 1 3.31 3.42 45 2 1 2 

Observer 2 3.52 3.36 44 2 2 2 
Anterior tibial artery 

Observer 1 3.94 KW BS. 33 6 9 2 

Observer 2 4.06 4.15 33 6 10 1 
Posterior tibial artery 

Observer 1 4.10 4.30 40 3 4 3 

Observer 2 4.27 4.39 44 2 4 0 
Peroneal artery 

Observer 1 3.45 3.58 33 Fj 6 4 

Observer 2 3.89 3.94 35 6 f 2 
Bypass graft 

Observer 1 2.00 2.00 20 0 1 0 

Observer 2 2.59 2.59 20 0 1 0 
Overall 

Observer 1 3.64 3.68 219 19 21 12 

Observer 2 3.91 3.90 226 16 24 5 





Note.—FSA = film-screen angiography; DSA = digital subtraction angiography. 


DSA for observer 1 and 63% (57-69%) agreement for ob- 
server 2. There was an overall 76% (71-81%) agreement 
between observers for sites chosen on FSA and 69% (64- 
75%) agreement for DSA. For observer-selected sites, no 
significant difference was found in grade of greatest stenosis 
overall for either observer. When individual arteries were 


considered, no significant difference was found in grade of 
stenosis for either observer. When vessel visualization was 
considered, no significant difference was found overall for 
either observer regardless of whether data were analyzed by 
group (all sites in the limb) or subgroup (individual arteries or 
locations). 
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TABLE 3: Mean Grades of Arterial Stenoses at Observer-Selected Sites and Number of Those Sites Visible to Observers When 


Findings on FSA and DSA Agree 


SSS 


Mean Grade 
of Stenosis 
Site/Observer —— 
FSA DSA 
Superficial femoral artery 
Observer 1 4.47 4.40 
Observer 2 4.53 4.40 
Popliteal artery 
Observer 1 3.67 3.64 
Observer 2 3.93 3.87 
Anterior tibial artery 
Observer 1 3.96 3.93 
Observer 2 4.42 4.46 
Posterior tibial artery 
Observer 1 4.31 4.31 
Observer 2 4.48 4.52 
Peroneal artery 
Observer 1 3.89 3.89 
Observer 2 4.14 4.32 
Bypass graft 
Observer 1 2.00 1.80 
Observer 2 2.19 2.88 
Overall 
Observer 1 3.97 3.93 
Observer 2 4.26 4.25 


Note.—FSA = film-screen angiography; DSA = digital subtraction angiography. 


No complications were encountered. Motion artifacts were 
thought to be responsible for only one case of poor visuali- 
zation of the dorsalis pedis artery. 


Discussion 


The need for visualization of the arterial system of the lower 
limb has increased with the advent of microvascular surgical 
techniques and small-vessel angioplasty. The surgical litera- 
ture contains numerous references to poor visualization of 
the distal lower limb (below the knee) with conventional an- 
giography [21-23]. Visualization of small distal vessels is very 
important because bypass graft patency has been shown to 
correlate well with an intact runoff system [24-26]. We pre- 
viously have shown that conventional preoperative angiogra- 
phy can be performed optimally by using a single-leg injection 
method with film-screen technique [15]. However, we agree 
with the perception by most radiologists that DSA is faster, 
simpler to perform, more cost-effective, and more comfortable 
for the patient. DSA is most often praised in the radiology 
literature because of its ability to visualize distal vessels [10, 
14, 27]. Little mention has been made of how DSA compares 
with FSA because the FSA technique used in most of these 
Studies (aortic flush angiography) usually does not optimally 
opacify vessels below the knee in patients with atherosclerotic 
lower limb insufficiency. It was the purpose of our study to 
determine the relative difference in the evaluation of vessel 
filling or visualization and stenoses between film-screen and 
digital imaging. 

The relative difference in the evaluation of stenoses was 
determined on the basis of a standard grading scale. Grading 
the degree of stenosis on the basis of arteriography has been 
the subject of much controversy in both the radiology and 


Sites Visible on 





Both Neither 

Stidisn FSA Only DSA Only Study 
43 0 0 1 
45 0 0 0 
33 0 1 2 
30 1 0 2 
27 1 2 2 
26 1 1 0 
29 1 0 3 
33 0 0 0 
19 2 4 
22 1 0 
10 0 0 0 
8 0 0 0 
161 4 3 12 
164 3 1 2 


Cardiology literature [28-30]. The system we chose is based 
on the research of Thiele and Strandness [19]. Most impor- 
tantly, grading was done to compare two images and should 
not be interpreted as the true degree of narrowing or occlusion 
that would be present anatomically at surgery or autopsy. 

Examiner-selected sites were chosen to evaluate directly 
the same anatomic areas with FSA and DSA. The results 
showed only a small difference between the two techniques 
in the grading of stenosis. However, because therapy is 
always based on the area or areas of worst vessel narrowing, 
the reviewers were asked to pick the most stenotic areas in 
each vessel. When the areas of worst disease were chosen 
(observer-selected sites), there was no difference in grading 
between DSA and FSA. The relatively close relationship of 
sites chosen and the lack of significant difference in grading 
between sites suggest that DSA and FSA are equivalent 
imaging techniques for determining the degree of arterial 
narrowing. 

The only statistical differences in this study occurred in 
examiner-selected sites and mostly with a single observer. 
These differences may be a reflection of the grading scheme 
being less sensitive for areas of lesser stenosis. Such areas 
of lesser stenosis were more common in the examiner-se- 
lected sites. The more stenotic or occluded observer-selected 
sites showed no significant differences in grade. Although 
observer bias is also a consideration, two observers were 
used for comparative purposes and there was in general 
consistent agreement between observers. In no case was 
there more than one grade difference in any examiner-se- 
lected or observer-selected sites. Interestingly, both review- 
ers said they were generally less confident in grading areas 
with DSA. However, this lack of confidence was not substan- 
tiated by the results but could be the source of the tendency 
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of one observer to interpret DSA images as showing slightly 
more stenosis. 

A portion of the standard grading scale (grade 6) was used 
to determine vessel visualization. No significant difference 
was found in vessel visualization between DSA and FSA. This 
is not surprising, however, given that film timing is much 
easier with DSA, and it has inherently higher contrast sensi- 
tivity [31]. 

We think our study differs from those reported in the 
literature in three respects: (1) both types of angiogram were 
obtained in each patient, (2) we used optimal FSA technique, 
and (3) we compared the degree of stenosis and not simply 
vessel visualization. In all previous studies, most cases were 
performed by using either DSA or FSA but not both. This 
introduces variables such as differences in severity of disease 
and patients’ cooperation. Severe proximal disease obviously 
makes distal vessel visualization much more difficult, and 
patients’ movement introduces motion artifacts when DSA is 
used. Most of the researchers comparing FSA and DSA 
concluded that distal vessel visualization was better with 
DSA. In our experience, this is almost certainly not a reflection 
of the superior quality of DSA but of the poor quality of FSA. 
We previously have shown and continue to see in this study 
excellent-quality angiograms with FSA, provided meticulous 
angiographic detail is followed. The FSA technique used here 
is time-consuming and requires relatively large amounts of 
contrast material, but it produces angiograms of excellent 
quality. DSA certainly has its advantages, but these should 
not be presented solely on the basis of the suboptimal radio- 
logic technique often used with conventional FSA. To that 
end, this study evaluated only contrast injections into the 
external iliac artery and, as our prior study showed, cannot 
be extrapolated to bilateral aortic flush angiography with 
either DSA or FSA [15]. 

In summary, DSA visualizes vessels as well as optimal, 
single-limb FSA does, and only small differences are apparent 
in the evaluation of stenotic/occluded arteries. In this study, 
we simply compared DSA with FSA; readers should not 
interpret this study as one in which FSA is used as the gold 
standard. Excellent angiograms were produced with both 
techniques. Good correlation for severity of vessel stenosis 
and adequacy of vessel opacification, particularly in tibial 
vessels, was found between the two techniques. Our findings 
justify the use of routine DSA for single-limb lower-extremity 
angiography, the single-extremity approach being preferred 
to bilateral simultaneous lower-extremity angiography ob- 
tained by aortic flush techniques. 
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Diagnostic Efficacy of Digitized 
Images vs Plain Films: A Study of the 
Joints of the Fingers 





Four hundred fifteen finger joints from 30 patients were evaluated for the presence 
of joint-space erosion, narrowing, and degenerative spurring on plain films, low-resolu- 
tion digitized images (1024 x 840 bytes x 12 bit matrix), and high-resolution digitized 
images (2048 x 1680 bytes x 12 bit matrix). Three hundred four joints were abnormal. 
Low- and high-resolution digital images were displayed on a 1K x 1K monitor with the 
ability to change level, window, orientation, and brightness. Five radiologists interpreted 
images. The presence or absence of each abnormality was determined by consensus 
of two skeletal radiologists who did not otherwise participate in the study. Receiver- 
operating-characteristic analysis was used to obtain an area and a true-positive rate at 
a 0.10 false-positive rate for each interpreter. Randomized block analysis of variance 
with interpreters as blocks was used to compare areas and true-positive rates among 
imaging techniques for each type of abnormality; no statistically significant differences 
were found. 

In conclusion, the efficacy of display of digitized images on high- and low-resolution 
modes is not significantly different from that of plain films in the detection of erosions, 
joint-space narrowing, or degenerative spurring in small joints of the hands. 
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Transmission of digital radiographic images from one location to another has 
several major advantages. The procedure currently is being used in a number of 
Situations, especially in emergency departments and rural areas, and its use is 
certain to increase [1]. If transmission of digital images is to be of value, their 
diagnostic quality must equal that of plain films. Whether or not this is the case 
has been studied by various investigators who compared the efficacy of digital 
images and plain radiographs of the chest [2-4], abdomen [5], breast [6], and 
musculoskeletal system [7, 8]. We extended this information by comparing the 
diagnostic efficacy of high- and low-resolution digital images with that of plain films 
to detect joint-space erosion, narrowing, and degenerative spurring in the joints of 
the fingers. The patients either had normal joints or had rheumatoid arthritis or 
osteoarthritis of the fingers. 


Materials and Methods 


Five experienced radiologists evaluated images of small joints of the fingers in 30 patients, 
including patients with normal fingers, patients with rheumatoid arthritis, and patients with 
osteoarthritis. The metacarpophalangeal joints of the thumb, second digit, and third digit: 
interphalangeal joint of the thumb; and proximal and distal interphalangeal joints of the second 
and third digits were evaluated for joint-space erosion, narrowing, and degenerative spurring 
A total of 415 joints were used for evaluation of low-resolution digitized images (1024 x 840 
bytes x 12 bit matrix) and plain films. One hundred eleven joints were normal. Three hundred 
four joints were abnormal. Abnormalities present in the joints were joint-space narrowing 
evenly distributed along the cartilage surface or affecting only one area within the joint, 
marginal hypertrophic spur formation, interarticular erosions, periarticular erosions, and 
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proliferative bone or periostitis in a periarticular distribution. Fewer 
joints (255) were evaluated on high-resolution images (2048 x 1680 
bytes x 12 bit matrix) owing to time constraints. High-resolution 
image scanning for digitization and viewing takes approximately four 
times longer than for low resolution. The films included in the study 
were selected by a radiologist who did not participate in the film 
evaluation. 

Consensus about the presence or absence of the abnormalities on 
plain films was reached by two experienced musculoskeletal radiol- 
ogists who did not participate in the digitized image vs plain film 
evaluation. Because pathologic correlation could not be provided, the 
consensus was used as the “truth” standard. 

Plain films were digitized on a commercial system (Clinical Review 
System, DuPont, Wilmington, DE) that uses a helium-neon laser 
scanner. Sampling quantization of the laser digitizer is 210 «wm with 
a 210-um spacing, resulting in the manufacturer's reported image 
resolution of 2.35 lp/mm. The data matrix size is 1680 x 2048 pixels 
at 12 bits. Low-resolution image scanning required 6 sec; high- 
resolution image scanning took 24 sec. Digitization results in 4096 
gray levels (12 bits per pixel) for optical densities between 0 and 3.5. 
Transfer of imaging data to a remote station in the medical intensive 
care unit occurred automatically if the temporary archival disk ap- 
proached capacity. Image transfer could be performed manually. A 
test pattern used to determine low-resolution image display was 1.25 
lp/mm on a 1024 x 840 bytes x 12 bit matrix. High-resolution image 
display was 2.5 Ip/mm on a 2048 x 1680 bytes x 12 bit matrix. 
Musculoskeletal radiographs were 10-12 Ip/mm. The display monitor 
was 1K X 1K (1280 x 1024 bytes x 8 bits). All joints of the same 
hand were displayed at the same time on the screen. The position of 
the image display on the monitor varied, that is, the hand was not 
always centered on the screen. Both high- and low-resolution image 
displays could be magnified (one fourth screen). Level and window 
controls, monitor brightness control, and reorientation of images were 
available. Plain films were interpreted in a traditional setting on a film 
alternator with a bright light available. 

The radiologists were asked to evaluate the plain films, low- 
resolution digital images, or high-resolution digital images for the 
presence or absence of joint-space erosion, narrowing, or spurring. 
Image interpretation on the display monitor and plain film interpreta- 
tion were performed at different sittings by each interpreter with no 
prespecified number of images or films interpreted at each session. 
At least 1 month elapsed between evaluation of high- and low- 
resolution images and of plain films and digital images. Plain films, 
high-resolution digital images, and low-resolution digital images from 
the fingers of the same hand were each coded with individual distinct 
numbers so that the interpreter would not have recognizable identi- 
fiers when interpreting the same joints on high-resolution images, 
low-resolution images, and plain films. Patients’ names and numbers 
were obscured on the plain films and digital images. 

Statistical analysis was based on the radiologists choosing an 
integer rating ranging from O (abnormality definitely absent) to 5 
(abnormality definitely present) for each joint in each of the three 
categories evaluated. Receiver-operating-characteristic (ROC) curves 
(9, 10] were calculated by the maximum-likelihood method [11] by 
interpreter and type of abnormality (erosion, narrowing, and spurring) 
for each type of image (digitized low-resolution image, digitized high- 
resolution image, and plain film.) This resulted in 45 fitted ROC curves 
(five interpreters X three imaging techniques x three types of abnor- 
mality). It should be noted that the fitted curves obtained were not 
strictly maximum-likelinood estimates, because joints from the same 
patient are not all independent. However, the fitted curves appeared 
to fit the data, and this approach gave a reasonable method of 
estimating a fitted curve from which summary measures could be 
derived. 
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From each of the 45 fitted ROC curves, the area under the curve 
and the predicted true-positive rate at a false-positive rate of 0.1 
were determined. A randomized block analysis of variance (ANOVA) 
with interpreters as blocks was used to compare the mean areas and 
true-positive rates of the three imaging techniques, separately by 
each abnormality [12]. Confidence intervals for differences in means 
between pairs of techniques, correcting for multiple comparisons, 
were made by using the Tukey method [12]. The assumptions 
required for validity of the randomized block ANOVA were tested by 
using methods described by Thompson and Zucchini [13]. This 
analysis supported the use of the randomized block ANOVA. Com- 
posite ROC curves were obtained by averaging individual ROC 
parameter estimates across interpreters to obtain average parameter 
estimates for each imaging technique and abnormality; these were 
then used to plot the composite curve. 


Results 


Composite ROC curves for each imaging technique and 
abnormality are shown in Figure 1. The areas under the ROC 
curve for each imaging technique and abnormality are sum- 
marized in Table 1. Because of the number of ROC curves 
generated for each subject, it would be impractical to show 
these. 

Table 2 shows results of the ANOVA, which was performed 
to compare mean areas among the three imaging techniques 
and among the five interpreters. No statistically significant 
differences were found. 

Predicted true-positive rates at 0.10 the false-positive rate 
are summarized in Table 3 for each imaging technique by 
abnormality. ANOVA p values for predicted true-positive rates 
at 0.10 the false-positive rate are listed in Table 4 for inter- 
preter and imaging technique. A statistically significant differ- 
ence was found among interpreters for detection of erosions. 
No other statistically significant differences were shown 
among interpreters or imaging techniques. 

For both the area and the true-positive rate at a false- 
positive rate of 0.10, 95% simultaneous confidence intervals 
for the differences in means between pairs of imaging tech- 
niques are shown in Table 5 for each type of abnormality. All 
of the intervals include 0, indicating no significant differences 
among imaging techniques. These results are consistent with 
the ANOVA tests. 


Discussion 


Investigators have used digital imaging systems to evaluate 
diagnostic accuracy in the chest [2-4], abdomen [5], breast 
[6], and musculoskeletal system [7, 8]. Two methods are 
used for digitized image analysis studies: free search and 
directed search. Free search methods are similar to those 
used in clinical settings in which a specific abnormality is not 
expected and the film is scanned for any abnormality [14]. 
Directed search guides the observer to evaluate a specific 
finding; this technique was used in our study. Both techniques 
are used in the clinical setting during routine film reading. The 
purpose of this study was to determine the ability to detect 
joint-space erosion, narrowing, and spurring involving small 
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Fig. 1.—A and B, Composite re- 
ceiver-operating-characteristic (ROC) 
curve (A) and observed points (B) for 
imaging techniques used to evaluate 
erosion. 

C and D, Composite ROC curve (C) 
and observed points (D) for imaging 
techniques used to evaluate narrowing. 

E and F, Composite ROC curve (E) 
and observed points (F) for imaging 
techniques used to evaluate spur 
formation. 

High = high-resolution digitized im- 
age; low = low-resolution digitized im- 
age; plain = plain film. 
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TABLE 1: Summary Statistics for Areas Under the Receiver- 
Operating-Characteristic (ROC) Curve 


Abnormality/Imaging Area Under ROC Curve 


Technique Mean (SD) = Minimum Maximum 

Narrowing 

Low (n = 5) 0.891 (0.022) 0.856 0.914 

High (n = 5) 0.914 (0.029) 0.878 0.942 

Plain (n = 5) 0.925 (0.021) 0.888 0.942 
Erosion 

Low (n = 5) 0.841 (0.040) 0.785 0.884 

High (n = 5) 0.840 (0.040) 0.781 0.881 

Plain (n = 5) 0.870 (0.006) 0.864 0.878 
Spurring 

Low (n = 5) 0.752 (0.046) 0.690 0.797 

High (n = 5) 0.796 (0.081) 0.671 0.885 

Plain (n = 5) 0.823 (0.074) 0.715 0.891 


Note.—Low = low resolution, digital; high = high resolution, digital; plain = 
plain film. 


TABLE 2: Analysis-of-Variance p Values from Tests for Areas 
Under Receiver-Operating-Characteristic Curve 








Difference Measured Narrowing Erosion Spurring 
Among interpreters 41 .09 .61 
Among imaging techniques 13 18 .33 


Note.—No statistically significant differences were found among interpreters 
or among imaging techniques. 


TABLE 3: Summary Statistics for True-Positive Rate at a False- 
Positive Rate of 0.10 


Abnormality/Imaging True-Positive Rate 











Technique Mean (SD) = Minimum Maximum 

Narrowing 

Low (n = 5) 0.700 (0.075) 0.590 0.793 

High (n = 5) 0.764 (0.077) 0.666 0.865 

Plain (n = 5) 0.801 (0.058) 0.706 0.861 
Erosion 

Low (n = 5) 0.622 (0.104) 0.449 0.701 

High (n = 5) 0.607 (0.116) 0.402 0.679 

Plain (n = 5) 0.688 (0.035) 0.642 0.737 
Spurring 

Low (n = 5) 0.438 (0.041) 0.399 0.505 

High (n = 5) 0.525 (0.102) 0.407 0.656 

Plain (n = 5) 0.538 (0.082) 0.439 0.633 


Note.—Low = low resolution, digital; high = high resolution, digital; plain = 
plain film. 


joints of the fingers on digitized plain film images in both high- 
and low-resolution displays when compared with plain films. 

Radiographs of the hand must be of sufficient quality to 
show erosions, joint-space narrowing, and degenerative spur- 
ring if the diagnosis of various forms of arthritis is to be 
established. Diagnosis of rheumatoid arthritis requires the 
ability to detect joint-space erosions and narrowing in the 
metacarpophalangeal and interphalangeal joints. Diagnosis of 
osteoarthritis requires the ability to identify joint-space nar- 
rowing and hypertrophic spur formation. 
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TABLE 4: Analysis-of-Variance p Values for Predicted True- 
Positive Rate at a False-Positive Rate of 0.10 


Difference Measured Narrowing Erosion Spurring 
Among interpreters 45 .0155° 23 
Among imaging techniques 13 JI 17 


* Statistically significant (p < .05). 
TABLE 5: 95% Simultaneous Confidence Intervals for 
Differences in Means Between Imaging Techniques 


Variable/Abnormality/Comparison Mean 95% Confidence 


Difference Limits 
Area 
Erosion 
Plain-low 0.029 (-—0.017, 0.075) 
Plain-high 0.029 (—0.017, 0.076) 
High-low —0.001 (—0.047, 0.046) 
Narrowing 
Plain-low 0.034 (—0.009, 0.076) 
Plain-high 0.011 (—0.032, 0.054) 
High-low 0.023 (—0.020, 0.065) 
Spurring 
Plain-low 0.072 (—0.059, 0.202) 
Plain-high 0.027 (—0.104, 0.157) 
High-low 0.045 (—0.086, 0.175) 
True-positive fraction at false-positive 
fraction of 0.10 
Erosion 
Plain-low 0.065 (—0.036, 0.167) 
Plain-high 0.081 (—0.021, 0.183) 
High-low —0.016 (—0.117, 0.086) 
Narrowing 
Plain-low 0.100 (—0.026, 0.227) 
Plain-high 0.037 (—0.090, 0.164) 
High-low 0.063 (—0.064, 0.190) 
Spurring 
Plain-low 0.099 (—0.029, 0.228) 
Plain-high 0.012 (—0.116, 0.141) 
High-low 0.087 (—0.041, 0.215) 


wee SS EES SS EE Ee S E 
Note.—Plain = plain film; low = low resolution, digital; high = high resolution, 
digital. 


No statistically significant differences in diagnostic efficacy 
were found among high- and low-resolution displays of digital 
images and plain films. The statistically significant difference 
among interpreters for detection of erosion was accounted 
for by the interpretations of one observer whose results were 
consistently lower than those of the other interpreters; this 
interpreter was not a skeletal radiologist. 

Dawood et al. [15] reported that at 1K x 1K and 2K x 2K 
displays, diagnosis of subperiosteal resorption of the pha- 
langes on digitized images was inferior compared with plain 
films. Sartoris and Sommer [16] reported that the diagnostic 
efficacy of plain films could not be improved by digitizing 
images. They indicate that displayed images have the advan- 
tage because the image contrast can be changed to enhance 
details. Murphey [8] notes the efficacy of digitally reproduced 
plain films for the detection of subperiosteal bone resorption 
was decreased with increasing pixel size (decreasing |p/mm). 
He found no statistically significant difference in plain films 
and digitally reproduced plain film at 2K x 2K x 8 bits (11.4 
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lp/mm), but there was a statistically significant difference at 
1K x 1K x 8 bits (5.7 Ip/mm). Inability to window, center, and 
magnify images limited the interpreters in the study done by 
Murphey. The laser digitizer used by Murphey was different 
from ours. Wegryn et al. [7] also noted the need for a 2.5-Ip/ 
mm image display (2048 x 1680 bytes x 12 bit) for subtle 
bone abnormalities. We used a lower-resolution image display 
than Murphey did, but ours was the same as that of Wegryn 
et al. The difference in detection of abnormalities between 
our study and the studies of Murphey and Wegryn et al. may 
be related to the degree of subtlety of lesions included in the 
study. 

Subjectively we found, as did a previous investigator [7], 
that with increasing experience observers require less time 
to evaluate a digitized image on the display console. In 
addition, although light diffusion filtering was placed in the 
overhead fluorescent lighting, the glare on the monitor contin- 
ued to be a problem because the monitor was positioned in 
a relatively central area in the medical intensive care unit. 

In conclusion, the efficacy of display of digitized images in 
the high- and low-resolution modes is not significantly different 
from that of plain films in the detection of erosions, joint- 
space narrowing, or spurring in the small joints of the hands. 
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Book Review 





Computers in Diagnostic Radiology. (The Institute of Physical Sciences in Medicine Report No. 62.) Edited by J. 
Robertson, P. F. Wankling, K. Faulkner, and M. R. Holubinka. York, England: The Institute of Physical Sciences 
in Medicine (available from IPSM, P. O. Box 303, York, England YO1 2WR), 164 pp., 1990. £28.50, softcover 


This slim volume is a report based on papers submitted for a 
meeting on computers in diagnostic radiology held in the United 
Kingdom in April 1989. As such, it covers quite diverse material with 
various degrees of detail and different points of view. Some of the 
papers are represented in abstract form only, but the addresses at 
which all authors can be contacted are provided at the end of the 
book. As the location of the conference suggests, the authors were 
mostly from the United Kingdom; some contributions are from Belgian 
researchers. 

The editors claim that the papers cover three major areas: patient 
administration systems (PAS), picture archiving and communications 
systems (PACS), and image processing. In addition, however, the 
book has a number of papers on topics that do not fit easily into one 
of these three areas. The three areas are not addressed equally; the 
papers on PAS, image processing, and miscellaneous computer uses 
far outnumber those on PACS. In fact, only one paper discusses 
PACS as a separate subject, and it is included as an abstract only. | 
do not find this a particular weakness, however, as the papers on 
PAS, software safety, data compression, and equipment maintenance 
all address issues important to PACS. 

PAS are known in the United States by the more familiar term 
radiology information systems (RIS) when such systems are used in 
a radiologic setting. The papers in this book that address PAS/RIS 
issues are quite good. The first two cover introductory material from 
a “this is what we needed and what we did” point of view (paper by 
P. Davies) and amore systems theory—oriented discussion (P. Gregg). 
Following are papers providing a manufacturer's ideas (D. R. Hill) and 
a good discussion of the problems posed by inefficient use of radio- 
logic resources (J. H. Todd). Though this last paper is colored by the 
differences between health care systems in the United Kingdom and 
those in the United States, the problems presented will be all too 
familiar to American readers. The paper on computer software safety 
(J. S. H. Curnow) is provocative and informative, but | wish it included 
a list of references. Fortunately, the papers on software for mainte- 
nance of health care equipment, (F. Malchair and P. Dumont and W. 
J. M. van der Putten and J. F. Malone), which can help address some 
of the concerns raised by the software safety discussion, provide a 
good bibliography. About 70% of the papers have references, and 
20% have an accompanying discussion (apparently transcribed from 
question-and-answer sessions at the meeting). 


In addition to these systems-oriented chapters, the book has a 
range of papers on image processing and graphics, including a 
general survey, three-dimensional techniques, hardware for support 
of fast image processing and graphics, a low-cost personal com- 
puter—based image processing system, transform processing in CT, 
image processing in fluoroscopy, and CT contrast manipulation. Other 
papers address artificial intelligence: automated detection of micro- 
calcifications on mammograms (abstract), automatic determination of 
bone age, cardiologic applications, automated determination of tumor 
extent as seen on CT, automatic extraction of quantifiable fluoro- 
scopic data (abstract), computer recognition of coronary artery 
branching (abstract), and fitting of organ dose data. Papers on noise 
in digital spot fluorography and how to specify and evaluate a digital 
cardiac imaging system address specific areas of image intensifier- 
based systems. 

In any collection of papers written by more than one author, the 
quality of the illustrations and of the articles themselves is bound to 
vary. This book is no exception. However, the illustrations are gen- 
erally good and appropriate to the text. The topics covered also vary 
in technical and mathematical content, but for the most part, they are 
sufficiently explanatory when very involved so that the reader is not 
forced to seek help from other texts to discover what is being 
presented. The references also vary in extent. Some are quite thor- 
ough and up-to-date, but others seem to have missed what | think of 
as benchmark papers. Though the book has no index, the table of 
contents will direct the reader to the manuscripts of interest if not a 
particular page or paragraph. 

Computers in Diagnostic Radiology is useful for those who are 
seeking a survey of relatively current applications of computers and 
computer techniques in medical imaging. It is not an in-depth text, 
and it does not aim to be. The book will be of most value to persons 
involved in research in RIS, PACS, or image processing and who 
seek a collection of papers that presents a broad cross section of 
work. 


Steven C. Horii 
Georgetown University Hospital 
Washington, DC 20007 
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Receiver-Operating-Characteristic 
Study of Chest Radiographs in 
Children: Digital Hard-Copy Film vs 2K x 
2K Soft-Copy Images 





Two methods are commonly used to visualize digital radiologic imaging data: (1) 
hard-copy viewing, in which the digital data are used to modulate the intensity of a laser 
beam that exposes an analog film and (2) soft-copy viewing, in which the digital data 
are converted to an analog video signal and presented on a CRT monitor. The film 
method allows new digital imaging systems to be easily integrated into conventional 
radiologic management and viewing methods. The second method, soft-copy viewing, 
allows digital imaging data to be managed and viewed electronically in a picture 
archiving and communication system (PACS). These PACS systems are hypothesized 
to have improved operational efficiency and enhanced image-analysis capabilities. The 
quality of soft-copy images is still not widely accepted. This article reports on the results 
of a large-scale receiver-operating-characteristic study comparing observers’ perform- 
ance in detecting various pediatric chest abnormalities on soft-copy 2048 x 2048K byte 
displays with their performance with digital laser-printed film from computed radiogra- 
phy. The disease categories studied were pneumothorax, linear atelectasis, air bron- 
chogram, and interstitial disease. The selected data set included 239 images; 77 
contained no proved abnormality and 162 contained one or more of the abnormalities 
mentioned. Seven pediatric radiologists participated in the study, two as judges and 
five as observers. 

Our results show no significant difference between viewing images on digital hard 
copy and soft copy for the detection of pneumothoraces and air bronchograms. A slight 
performance edge for soft copy was seen for interstitial disease and linear atelectasis. 
This result indicates that computed chest radiographs in children viewed in a soft-copy 
PACS environment should result in diagnoses similar to or slightly more accurate than 
those obtained in a laser-printed film-based environment. 
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In the past 5 years, several studies have addressed the feasibility of picture 
archiving and communication systems (PACS) as an alternative to film-based 
radiology [1-6]. It is possible that PACS may enhance the effectiveness of radiology 
in patients’ care by improving operational efficiency and by providing image-analysis 
tools for prescreening specific conditions. Digital data from PACS are best visual- 
ized in one of two formats: (1) laser-printed film and (2) soft-copy display. A 
fundamental problem to be resolved is whether the efficacy of digital radiographs 
from soft-copy CRT monitors is as high as that of hard-copy film. Film has the 
advantage of high spatial resolution and a wide dynamic range of brightness. Digital 
soft-copy display has the advantage of gray-scale manipulation and possibly other 
image-processing enhancements. 

The PACS module implemented in the pediatric radiology section of our depart- 
ment uses a computed radiography (CR) system and has been in clinical operation 
since 1987 [7]. System usage, however, has been limited to conferences. teaching, 
and secondary reviews by radiologists and referring physicians. Primary interpre- 
tation of radiographs of infants and children are routinely made from digital laser- 
printed films from the CR system. A small percentage of interpretations, for 
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example, scoliosis, are made from conventional film. A long- 
term goal of our department is to use soft-copy displays of 
radiographs for interpretations by radiologists. The goal of 
this study is to compare the efficacy of the digital CR images 
when using interactive, soft-copy, 2048 x 2048K displays 
and the current viewing method, digital hard-copy film, for the 
detection of various chest abnormalities in children. 


Materials and Methods 


The receiver-operating-characteristic (ROC) experiment involved 
four parts: (1) image collection, (2) observer testing, (8) truth deter- 
mination, and (4) statistical evaluation. 


Image Collection 


Figure 1 shows the hardware configuration for the pediatric PACS 
module. A Philips PCR/SP-901 CR system (Philips Medical Systems, 
inc., Shelton, CT) was used to obtain digital projectional radiographic 
images directly in a 2048 x 2048K byte x 8 bit format. The digital 
CR data are sent to a laser film printer, where hard copies are 
generated for the film-based clinical operation. These laser-printed 
films have a maximum optical density range of 0-2.6. Three sizes of 
image plates sizes were used: 8 x 10 in. (20.3 x 25.4 cm), 10 x 12 
in. (25.4 xX 30.5 cm), and 14 x 17 in. (35.6 x 43.2 cm); these have 
pixel sizes of 101.6 um, 152.1 nm, and 202.0 um, respectively. The 
CR digital data are also sent to a VAX-11/750 minicomputer (Digital 
Equipment Corp., Maynard, MA} via a custom CR interface unit [8]. 
The VAX computer puts the imaging data onto optical disk and 
distributes the data to a 2048 x 2048K byte primary viewing station. 
The technical specifications of the workstation are given in the next 
section. 

All routine clinical pediatric CR images were sent to the primary 
diagnosis workstation for initial screening. Between October 1989 
and April 1990, the total of 5457 pediatric anteroposterior/postero- 
anterior chest images was representative of the population of patients 
in a tertiary teaching hospital. The images included both inpatient 
portable studies and outpatient cases. Each image was screened by 
the study clinical coordinator, who is a board-certified radiologist (7 
years’ experience). Screening was done to ensure that selected 


Digital Hardcopy Disptay 
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Philips PCRISP.901 
yey Processor 
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Fig. 1.~-Hardware configuration for acquisition and display of digital 
chest images of infants and children. Images are available both from laser- 
printed hard-copy film and 2K x 2K x 8 bit soft copy. CR = computed 
radiography. 
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images met the following specifications: the image was of acceptable 
diagnostic quality, subtle findings and normal images were selected, 
and images selected were not correlated with other images already 
collected for the evaluation (i.e., no patient had more than one image). 

The initial screening resulted in the selection of 325 images. 
Approximately half of the 325 were selected by using the digital soft- 
copy displays as the viewing technique; the remaining half were 
selected by using the digital film during the screening (as suggested 
by an external advisory board, required by the National institutes of 
Health, which supervised this clinical study). 

The 325 images were screened a second time by a truth committee 
composed of two experienced pediatric radiologists who had access 
to all information related to a specific patient, including clinical history, 
historical data, and images obtained by using other radiologic tech- 
niques. Fifteen images were eliminated by the committee because 
the members could not reach a consensus decision. Another 71 
cases were eliminated for one or more of the following reasons: poor 
image technique, signal too obvious, overlying monitoring or vascular 
lines clouding the image, and overabundance of a particular signal 
type (e.g., too many images with interstitial disease). 

A total of 239 images remained after the two screenings. At this 
point, the clinical coordinator and the two judges thought that the 
image data set contained sufficient samples of each disease and 
included images showing the full range of disease subtleties and 
normal findings. These images were assigned study identification 
numbers, and the original hard-copy films were collected and orga- 
nized. The digital data were loaded onto a high-speed parallel transfer 
disk (see Fig. 1). The final data set contained radiographs originating 
from the three different-sized imaging plates: 157 of the images were 
from 8 x 10 in. CR plates (101 um/pixel), 44 were 10 x 12 in. (152 
um/pixel), and 38 were 14 x 17 in. (202 um/pixel). 

The 239 images were selected specifically for the observers to 
evaluate four disease categories: pneumothorax, interstitial disease, 
linear atelectasis, and air bronchograms. These conditions were 
chosen because past experience with digital systems shows that 
some of these conditions are among the abnormalities that require 
high resolution, these abnormalities allow selection of various degrees 
of subtlety, and these conditions are relatively common in infants and 
children. 

Because nodules are uncommon in this age group, linear atelec- 
tasis was the chosen condition to test the ability of the systems to 
differentiate low-contrast objects. Table 1 lists the number of signals 
collected for each of the disease categories. It was determined that 
77 images contained no tested abnormality. Multiple signals per 
image were used in this study. 


Observer Testing 


Soft-copy images for the study were displayed on a 19-in. (48-cm) 
diagonal 2560 x 2048K bytes Megascan (Hopkinton, MA) video 
monitor driven by a PIXAR II (San Raphael, CA) image processor. 
The monitors are progressive scan type with a screen refresh rate of 
72 Hz. The monitors use a P104 phosphor and have a maximum 
brightness level of 60 foot-lamberts. The monitors are driven by 8-bit 


TABLE 1: Number of Signals Collected by Disease Category 





` Disease Category No. of Signals in Data Set 


Pneumothorax 26 
interstitial disease 130 
Linear atelectasis 32 
Air bronchograms 88 
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digital-to-analog converters. Connected to the PIXAR I! image pro- 
cessor is a parallel transfer disk system with storage capacity of 2.6 
gigabytes and sustained data transfer rate of 8 megabytes/sec. All 
images were loaded onto this disk system before observer viewing. 
Thus, it took less than 1 sec for the observer to display any image. 
A SUN (Mountain View, CA) 3/160 minicomputer serves as the host 
computer for the 2048 x 2048K byte x 8-bit workstation. The 
software package developed for the ROC study included these 
operations: advance to next case, real-time contrast and brightness 
adjustment, zoom via pixel replication, contrast reversal (i.e., nega- 
tive), contrast and brightness reset, and zoom reset. 

The workstation was set up in the pediatric inpatient reading room. 
The ambient room light was dimmed. The interpretation conditions 
closely simulated the clinical interpretation environment. Film images 
were viewed in an outpatient reading room or in private offices. All 
digital operations were done with a mouse. 

The study observers were two senior pediatric radiologists (15 and 
20 years’ experience) from outside institutions, one in-house senior 
pediatric radiologist (12 years’ experience), and two junior pediatric 
radiologists (2 and 3 years’ experience) who have been with the 
pediatric radiology department for more than a year. For each image, 
the observers completed a structured ROC form (Fig. 2) in which 
they specified the location of the suspected abnormality and their 
degree of confidence for each disease category. Each disease cate- 
gory required an independent response. 

Observer training was established to achieve maximum perform- 
ance during the study [9, 10]. Before each viewing round, observers 
were given a training set of 18 images. The training steps were as 
follows: 

Learning to fill out the ROC form.—The following points were made 
concerning the structured ROC form (see Fig. 2): (1) Each row must 


Case Number Board Number 


Patient Name Procedure Date 


Patient LD. Reading Date 


Instructions: If abnormality is present, please indicate your 
level of confidence. 


Confidence Scale: 


50 % sure 100 % sure 
It is Present Itis Present 


Enter Confidence Ratings 
Radiographic Condition 


Sure Not Present 
(default) 


3. Linear Atelectasis 
4. Air Bronchograms 


Comments: 


: TT 
2. Interstitial Disease S 


Fig. 2.~—-Structured receiver-operating-characteristic form used in study. 
For each disease category, a level of confidence response was required. 
Chest quadrants assessed were right upper (R.U.), right lower (R.L.), left 
upper (L.U.), and left lower (L.L.). 
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have at least one response, as multiple signals were allowed on a 
single radiography. (2) The ROC confidence rating scale and the 
relative meanings of the ratings were explained. The observer was 
required to select one of five categories of confidence to represent 
his or her impression of the likelihood of the presence of the disease. 
(3) The location of signal was to be specified. If the viewer thought a 
signal was present, he or she was asked to specify the quadrant(s) 
in which the signal was located. Viewers also were asked to confirm 
the absence of a signal if they thought it-was not present. (4) The 
confidentiality of the viewer's responses was stated. (5) An unambig- 
uous definition of each signal was clearly given (see the Appendix). 

Running the ROC program (soft-copy viewing only).—The observ- 
ers were taught how to run the soft-copy ROC program. A chart was 
provided showing the function of each button and movement for the 
mouse input device. The clinical coordinator tested the observers’ 
ability to perform the following operations: (1) show the next or 
previous image, (2) change the brightness and contrast of the dis- 
played image, (3) obtain an image negative, (4) reset the brightness 
and contrast to the default settings, (5) perform image zoom, (6) 
change processing mode between zoom and contrast enhancement, 
and (7) reset zoom. 

interpretation of images on CRT.—-Observers were given an exact 
typed description of what was meant by each of the four disease 
categories. These definitions (see Appendix) were provided by the 
truth committee. 

Eighteen training images that contained signals from each of the 
disease categories were then displayed to familiarize the observer 
with how each signal appears on the CRT as compared with film. For 
each training case, observers sequentially performed the following: 
(1) view and manipulate the soft-copy image as they wished, (2) fill 
out an ROC form for the soft-copy observation, (3) view the corre- 
sponding hard-copy film from a lightbox, (4) fill out a second ROC 
form for the hard-copy observation. After completion of these four 
steps, the truth was revealed. 

A somewhat complex experimental design was used to cancel 
effects due to the order in which images were interpreted. The image 
sample was randomized and divided into four subsets (A, B, C, and 
D). Each subset contained approximately 60 images. Identical sub- 
sets were present for both the hard-copy and soft-copy techniques. 
Each observer participated in two rounds of interpretation. Each 
round consisted of eight sessions. During each session, the observer 
viewed approximately 30 images. During the first round, the observer 
interpreted all 239 images, approximately half from soft-copy displays 
and half from digital hard-copies. During the second round, 3-5 
months later, the observer again interpreted all 239 images, but with 
the alternative viewing technique for each image viewed in round 1. 
The technique subset combinations were sequenced as shown in 
Table 2. Sequences were chosen to separate interpretations of 
images from the two different techniques as much as possible. A 
different (but always internally balanced) sequence of technique sub- 
set combinations was used for each observer. 

in addition to collecting the data present on the ROC forms, the 
time spent viewing each image by the observers (film and video) was 
recorded, as were any image-processing operations performed. 


Truth Determination 


Determination of truth is always the most difficult step in any ROC 
study. In this experiment, truth was determined by an interacting 
committee consisting of two senior staff pediatric radiologists. The 
two-member committee conducted several truth-determining ses- 
sions. They had access to the following data and resources: the 
Clinical history of each patient, the hard-copy digital film image, the 
soft-copy CRT image, all image processing tools available at the soft- 
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copy workstation (zoom, negative and positive interactive look-up 
tables), and historical films (in 20 cases, the patient's records were 
retrieved and comparison films used to determine truth). Furthermore, 
the two staff radiologists were familiar with almost all of the cases 
because they followed the patients involved on a daily basis. Most 
inpatients were still in-house at the time of truth determination. As 
stated previously, the truth committee rejected 15 cases because 
the members could not agree on a final diagnosis. 


TABLE 2: Order of Interpreting Image Sets Used in the 
Receiver-Operating-Characteristic Study 





Order of Interpreting Technique 


Observer Subsets 
No. 
Round 1 Round 2 
1 A1, B1, C2, D2 A2, B2, C1, D1 
2 A2, B2, C1, D1 A1, B1, C2, D2 
3 Ci, D1, A2, B2 C2, D2, Al, B1 
4 C2, D2, A1, B1 C1, D1, A2, B2 
5 C1, D1, A2, B2 C2, D2, A1, B1 





Note.—A, B, C, and D are the four image sets, each with about 60 images. 
The numbers 1 and 2 refer to the technique {soft or hard copy}. For example, 
observer 1 views image sets A1, B1, C2, and D2 during the first round of 
interpretations and later (>3 months) reviews the image sets A2, B2, C1, and 
D1. 


Statistical Evaluation 


The CORROC2 program (developed by Metz [11]} was used to 
calculate the ROC curve area value along with its standard deviation 


- for a given observer's results for the two techniques using the same 


images. The program assumes a binormal model and produces a p 
value to assess the significance of the difference between the two 
areas for each reader. In some instances in which the paired rating 
data produced by a particular observer failed to meet the convergence 


.Criterion (i.e., the data were degenerate [12, 13]) used in the 


CORROC2 programs, we were able to use the ROCFIT [13] program 
to calculate the area under the ROC curve and its standard deviation, 
but no reader-specific significance test was applied if this occurred. 
The average ROC area over all observers by disease category was 
compared with the paired t test [13]. 


Results 


Tables 3 and 4 summarize the results of the ROC study 
for the five observers and four disease categories. For the 
detection of pneumothoraces, each of the radiologists per- 
formed equally well when viewing images from the soft-copy 
display as compared with viewing laser-printed film images. 
The paired t test did not show a statistically significant differ- 
ence (p = .20) between the soft-copy display and the hard- 
copy format. 


TABLE 3: Area Under Receiver-Operating-Characteristic (ROC) Curve and Level of Significance 


for Hard-Copy and Soft-Copy Viewing Methods 
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Area Under ROC Curve (SD) Sicnificance 95% Confidence 
Abnormality/Observer No. > g Val Intervals for Area 
Hard Copy Soft Copy (p Value) Differences 
Pneumothorax 
1 9253 (.046)  .9469 (.044) .62 (-.039, .088) 
2 8310 (.119) .7840 (.114) 63 (—.209, .115) 
3 8969 (.071)  .8818 (.087) .88 (—.136, .106) 
4 9351 (.043)  .9243 (.090) .89 (~.136, .114) 
5 9513 (.023)  .9071 (041) .18 (-.102, .014) 
Average .9079 (.060)  .8888 (.075) ~ 
Interstitial disease 
1 .8952 (.031) .8728 (.032) A3 (—.062, .013) 
2 8858 (.022) £8675 (.028) A2 (—.053, .016) 
3 .7956 (.036) .8335 (.032) .04 (.004, .071) 
4 8141 (.030)  .9392 (.020) .001 (.086, .164) 
5 £8390 (.028)  .8243 (.028) 54 (—.051, .022) 
Average £8459 (.029) £8675 (.028) ~ 
Linear atelectasis 
1 .7841 (.125) 8056 (.112) 82 (—.147, .191) 
2 .8762 (.050)  .8770 (.057) .86 (—.079, .080) 
3 7487 (.112)  .9337 (.038) .05 (.012, .357) 
4 .8470 (.068)  .9616 (.018) 04 (.003, .226) 
5 9183 (.020) 8536 (.063) 20 (—.162, .033) 
Average .8349 (.075) .8863 (.058) ~ 
Air bronchograms $ 
1 .7441 ({.046)  .8203 (.060) .08 (—.007, .159) 
2 .7828 (.069) .8263 (.080) 46 (—.053, .140) 
3 .7789 (.033) .7592 (.056) .62 (—.095, .056) 
4 .1973 (.038) 8305 (.044) 2 (—.024, .089) 
5 .7820 (.183) 7522? (.122) - 
Average .7770 (.074)  .7803 (.072) — 





Note.—Significance and 95% confidence intervals were not calculated for average values. 
*One of the data sets did not meet the convergence criterion in the CORROC2 program. in this case, the areas 
were obtained separately by the ROCFIT program, which does not calculate p values. 
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TABLE 4: Paired t Statistics and p Values by Disease Category 
OS a a a aa 


Disease Category t Value p Value 
Pneumothorax 1.52 .20 
Interstitial disease 0:77 .48 
Linear atelectasis 1.17 31 
Air bronchograms 1.67 19 





Note.—No significant difference was seen for any of the disease categories. 


In the detection of interstitial disease and linear atelectasis, 
the two pediatric fellows performed equally well on both film 
and soft-copy displays. However, the senior pediatric radiol- 
ogists performed considerably better on the soft-copy display. 
Note, in Table 3, the 95% confidence intervals for the differ- 
ences in the ROC areas for interstitial disease and linear 
atelectasis for the two senior pediatric radiologists (observers 
3 and 4) do not include zero. The average results for all 
radiologists, although not statistically significant (p = .48 for 
interstitial disease and p = .31 for linear atelectasis), margin- 
ally favored the soft-copy display. The overall nonsignificant 
result may be a function of the number of interpreters needed 
for detection of these average differences. 

Finally, for the detection of air bronchograms, four of the 
five radiologists performed equally well on both the soft-copy 
display station and film. The average results (p = .19) for all 
radiologists suggest comparable performances levels when 
they are viewing films and soft-copy displays. 

The mean times and standard deviations spent per image 
were as follows: 32.93 + 7.15 sec for soft copies and 24.04 
+ 5.25 sec for hard copies. For junior radiologists, the values 
were 38.29 + 8.08 sec for soft copies and 27.24 + 4.33 sec 
for hard copies. For senior radiologists, the values were 29.36 
+ 4.64 sec for soft copies and 21.91 + 5.36 sec for hard 
copies. 

The overall mean times spent per image for soft copy vs 
hard copy were not significantly different (p = .06), nor were 
there any significant differences when the mean times of the 
senior (p = .06) and junior (p = .23) radiologists were ana- 
lyzed separately. 


Discussion 


We compared observer performance for the detection of 
four abnormalities on chest radiographs of infants and children 
with digital hard-copy film vs interactive soft-copy display. 
Our selection process ensured inclusion of radiographs with 
various degrees of subtleties and the presence of abnormali- 
ties in different anatomic locations. 

In general, the evaluation of diagnostic accuracy is an 
extremely difficult task, as a number of factors have been 
shown to affect observer performance. These include imaging 
technique, image development and processing, CRT and film 
display characteristics, viewing conditions, subtlety, range of 
abnormalities, radiologist’s condition, definition of signals, 
availability of comparison images, and case support informa- 
tion. Any ROC experiment that concludes that system A is 
better than system B for a particular class of images must 
consider whether sufficient data points for these factors have 
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been tested. Drawing conclusions about a single class of 
factors requires a good understanding of the variability of the 
other factors during the execution of the study. Clearly, the 
weakness of many previous ROC studies has been the low 
number of sample points, leading to a study that may draw 
only weak conclusions. Our goal was to conduct a compre- 
hensive evaluation for comparing digital hard-copy display vs 
2K X 2K soft-copy displays. 

Many studies have evaluated the performance of radiolo- 
gists for detection of various abnormalities on chest radio- 
graphs of adults with conventional analog film, digital hard- 
copy film, and 2K digital displays. Hayrapetian et al. [14] 
concluded that high-resolution 2K x 2K video display monitors 
may be an alternative to hard-copy formats for the detection 
of nodules and septal lines on chest radiographs of adults. 
Frank et al. (Frank MS et al., presented at the annual meeting 
of the Radiological Society of North America, November 1989) 
used thoracic images obtained by a CR system to compare 
soft-copy vs 2K hard-copy formats and also concluded that 
interactive soft-copy displays offer an alternative to digital 
hard copy. Slasky et al. [15] showed that 2K x 2K digitized 
hard-copy images for the adult chest are equivalent to soft- 
copy display for detection of pneumothoraces, interstitial 
disease, and nodules. 

The conclusion from a study by Cox et al. [16] was different 
with respect to pneumothoraces and interstitial disease when 
digital hard-copy film and 2K x 2K soft copies were compared 
for adults. Their results showed a significant deterioration in 
observer performance when digital soft copies were used. 

Our results are in agreement with similar experiments that 
compared 2K x 2K soft copy vs digital hard-copies of CR 
images [14] (Frank et al., RSNA, November 1989). In these 
experiments, the inherent resolutions of the hard and soft 
copies were equivalent. Our results differ with those of Cox 
et al. [16]. Our observers performed equally well (observers 
1, 2, and 5) or better (observers 3 and 4) when using 2K soft- 
copy display than when using digital hard-copy film for detec- 
tion of interstitial disease. This difference may be due to our 
study population, which consisted of infants and children 
rather than adults, and the inherent smaller pixel size, hence 
higher spatial resolution, of our smaller CR plates. It also may 
be due to the extensive experience of some of the observers 
in viewing images from soft-copy displays. (Four of the five 
radiologists participating in this study have extensive experi- 
ence viewing images from soft-copy displays.) It should also 
be reiterated that we compared digital hard-copy (as opposed 
to conventional hard-copy) and soft-copy displays. 

The overall performance of our observers for detection of 
linear atelectasis also was better when they used soft-copy 
displays (mainly because of the differences in the experiences 
of observers 3 and 4). No statistical differences were seen in 
the detection task of pneumothoraces and air bronchograms. 

Kundel [17] described three important attributes of the 
CRT-displayed images that may influence perception. In this 
study, we examined the diagnostic accuracy only. Other 
factors that may influence the visual quality of the displayed 
image are either similar (spatial frequency content) or, if 
dissimilar (such as aesthetic properties, noise, base color, 
flicker, etc.), appear not to have affected the performance of 
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our observers. Similarly, our results suggest that given the 
ability to window and level the soft-copy image, brightness 
differences that exist between CR images displayed on soft- 
copy CRTs and digital hard-copy film displayed on a lightbox 
may not play a major role in the radiologist’s ability to make 
a primary diagnosis for these disease categories (recall that 
the CR hard- and soft-copy displays have identical inherent 
pixel resolution). 

Our study was designed to compare the accuracy of soft- 
and hard-copy digital images in the routine practice of pedi- 
atric radiology. We are continuing the data collection and data 
analysis steps as follows: including four additional nonpedia- 
tric radiologists as study observers, analyzing the time spent 
viewing each image for each viewing technique, analyzing 
whether image-processing operations significantly aided ob- 
server performance, and analyzing whether inherent pixel size 
(i.e., 101-, 152-, and 202-um pixels) has any effect on the 
study outcome. 

Finally, this study is only part of a higher-level evaluation of 
the diagnostic value of PACS on the practice of medicine. 
Diagnostic value is mathematically defined as the weighted 
sum of the following factors: diagnostic accuracy, timeliness 
of information delivery, distribution of diagnostic findings, and 
importance of the outcome of the examination to referring 
physicians [18]. Preliminary results of the importance of the 
timeliness of a radiologic consultation for pediatric intensive 
care unit and ward cases have been previously reported [19] 
and, together with the results of this study, seem to confirm 
the feasibility of PACS as an alternative to film-based 
operations. 


Appendix: Definition of the Four Signals Used in the ROC 
Study 


These definitions were made by the study coordinator and the 
truth committee. 


Pneumothorax 


Localize by upper or lower thorax. If both, so indicate with degree 
of confidence for each. 

Pneumomediastinum or subcutaneous air should not be indicated 
as present if pneumothorax is not also present. 


Interstitial Disease 


Involvement of tissues surrounding the air spaces with disease. 

This finding is meant to indicate loss of distinctness of vessels, 
septal lines, and reticular pattern suggestive of interstitial disease. 
Do not indicate this diagnosis for areas of consolidation or segmental 
or lobar atelectasis. 

Localize by quadrants (i.e., above or below the level of the hilum), 
not by lobar anatomy. 

lf diffuse or perihilar, indicate degree of confidence under diffuse 
category. The same degree of confidence will then be assumed for 
all four quadrants of the chest. 

Do not include cases of peribronchial thickening only, if vascular 
outlines remain clear and no other findings of interstitial disease are 
present. 
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Linear Atelectasis 


This is meant to indicate focal regions of linear density consistent 
with either chronic scarring or linear atelectasis. 
Do not indicate as present in cases of major lobar atelectasis. 


Air Bronchograms 


Indicate as present only if linear or branching lucency is seen that 
is thought to represent abnormal consolidation of the lung paren- 
chyma with little or no involvement of conducting airways. 

Do not include if only peribronchial thickening is seen. 

Do not indicate for lobar atelectasis, unless air bronchograms are 
visible. 
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Meeting News 





International Skeletal Society: Eighteenth Annual Refresher 


Course, September 1991 


Elizabeth Whalen’ 


The 18th annual meeting and refresher course of the Inter- 
national Skeletal Society (ISS) was held September 25-28, 
1991, at The Hotel Del Coronado, Coronado (San Diego), 
California. For more than 500 participants, the meeting ses- 
sions included the presentation of annual awards and the 
Founders Lecture; 64 lectures presented by Society members 
on special topics of interest; one panel discussion, one mini- 
symposium, and one focus session; quizzes on unknown 
cases; and simultaneous “break-out” sessions that allowed 
attendees to choose among three reviews of clinical data and 
research in specific areas of musculoskeletal medicine. The 
course was designed to cover both current knowledge and 
future directions in the identification of musculoskeletal dis- 
orders. The faculty represented an interdisciplinary group of 
radiologists, pathologists, orthopedic surgeons, and other 
researchers in osteology. Coverage in the AJR is particularly 
appropriate this year, because the program gave special 
emphasis to diagnostic concepts and to new developments 
in skeletal radiology, including current studies of MR imaging, 
CT, arthrography, bone scanning, and sonography. 

AJR space limitations preclude a comprehensive descrip- 
tion of the entire meeting; however, the following pages 
contain summaries of many of the presentations, including 
the Society awards and Founders Lecture. 





Minisymposium on Bone-Surface Lesions: Terminology 


In this minisymposium that was organized and chaired by 
Peter G. Bullough (New York, NY), Howard Dorfman (Bronx, 
NY) pointed out that use of terminology has produced some 
confusion in the scientific discussions of surface lesions of 
bone as they have “proliferated in number and name.” Bone- 
surface lesions can be categorized generally as either pseu- 
doneoplastic (reactive) or neoplastic; the reactive lesions are 
seen far more often. Subcategories of reactive lesions are 
juxtacortical myositis ossificans; florid reactive periostitis (os- 
sifying fasciitis, parosteal fasciitis); turret exostosis (probably 
an end stage of one of the reactive lesions in the periosteum); 
and osteocartilaginous exostosis (often mistakenly consid- 
ered a benign neoplasm, but much more common than true 
neoplasms of bone). Of the true neoplastic bone-surface 
lesions, the most important—both in frequency and implica- 
tion—is the periosteal osteosarcoma. Other bone-surface 
neoplasms include parosteal osteoma; parosteal lipoma; pa- 
rosteal (juxtacortical) chondroma; parosteal hemangioma; 
subperiosteal osteoid osteoma and osteoblastoma; subper- 
iosteal aneurysmal bone cysts; periosteal or subperiosteal 
ganglion; parosteal osteosarcoma; periosteal chondrosar- 
coma; and high-grade surface osteosarcoma. This list illus- 
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trates the importance of Dr. Dorfman’s objective, to create 
some order from this terminology chaos. 

In particular, Dr. Dorfman emphasized the importance of 
differentiating lesions that are periosteal, which are derived 
from the deep layer of the periosteum and separate the 
periosteum from the cortex, from those that are parosteal, 
which are derived from the outer (fibrous) layer of the perios- 
teum and grow in an exophytic pattern. Moreover, juxtacort- 
ical, often used interchangeably with periosteal and parosteal, 
simply indicates that the lesion has an extracortical point of 
origin. Also of note, a paraosseous lesion is one located in 
soft tissue near a bone; this type of lesion arises outside the 
bone and the bone's coverings. 

Sample images helped illustrate the use of these terms. In 
one example, a radiograph showed juxtacortical myositis 
ossificans, which is characterized by its ovoid shape, heavy 
mineralization more dense in the periphery than in the center 
of the lesion, central radiolucency, and a soft-tissue cleavage 
plane between the lesion and the surface or cortex of the 
bone. Whereas juxtacortical myositis ossificans is a rather 
common posttraumatic bone-surface lesion, parosteal benign 
lipoma is far less common, consisting primarily of fat but often 
showing ossification within the fatty tissue and sometimes 
showing focal areas of cartilaginous differentiation with a 
cartilage cap. Imaging features of other bone-surface lesions 
were illustrated, such as subperiosteal benign bone-forming 
lesions, a rare form of osteoblastoma, frequently seen in the 
femur, that erodes the cortex of the bone. A much more 
common lesion, periosteal (juxtacortical) chondroma, devel- 
ops in the deep layer of the bone; it is a saucer- or cup- 
shaped deformity with erosion of the cortex and prominent 
solid buttressing of solid reactive bone formation that most 
often occurs in young adults (third decade of life); it may be 
difficult to recognize as benign histologically because of its 
cellular appearance. Also occurring in adults, parosteal osteo- 
sarcoma is a very important bone-surface lesion characterized 
by a bulky round shape with a radiodense center and an 
overhanging edge without osteal reaction or buttressing at 
the borders. Periosteal osteosarcoma may occur in younger 
patients (second decade of life). A lesion that occurs entirely 
on the bone’s surface, its usual appearance includes spicu- 
lation, poorly defined borders, and tenting. Finally, periosteal 
(juxtacortical) chondrosarcoma is a bulky lesion that has high 
signal intensity on T2-weighted MR images; one of its char- 
acteristics is a high degree of cellularity and calcification. Both 
periosteal and parosteal lesions may invade the cortex, and 
some may extend into the medullary cavity. 


Musculoskeletal Trauma 
Child Abuse 


The responsibility of radiologists in recognizing and report- 
ing child abuse was emphasized by M. Joyce Pais (Irvine, 
CA). Dr. Pais noted that the right of children to be protected 
from abuse has been recognized only within the past century, 
although children have always been victims of violence, ne- 
glect, abandonment, slavery, and murder. In the 1870s in 
New York City, a child was removed from a very abusive 
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home by the only legal means possible at that time: reporting 
the problem to the Society for the Prevention of Cruelty to 
Animals. Although much progress has been made since then 
and reported cases have dramatically increased in the past 
decade (in California, 175,000 cases were reported in 1980 
and >500,000 were reported in 1989), Dr. Pais maintains that 
physicians still need to do more to recognize and prevent this 
type of trauma. According to California law (state laws differ), 
it is the act of abuse rather than the degree of injury that 
determines whether intervention by medical professionals is 
appropriate. 

Dr. Pais discussed several findings that are highly specific 
for child abuse, and she stressed that the radiologist is 
obligated to Know these signs and to report possible abuse. 
For example, rib fractures are among the highly specific signs 
for abuse, especially those occurring either laterally in the 
posterior ribs or at the costal articulation. Good-quality radio- 
graphs are absolutely necessary in these cases; any film that 
does not penetrate the ribs and spine will certainly not show 
these fractures. (However, Dr. Pais warned that the sternal 
segment may overlie the ribs and look like rib fractures on 
radiographs; if the radiologist straightens out the child and 
takes another image, these “fractures” will disappear.) Multi- 
ple fractures have long been considered a sign of abuse; 
radiologists should note, though, that one large study showed 
that single fractures were found in 50% of abuse cases. 
Therefore, the fact that a child has only one fracture does not 
rule out the possibility of abuse. Other specific signs of 
possible child abuse include unsuspected lesions, bucket- 
handle fractures, fractures in different stages of healing, me- 
taphyseal fractures, diaphyseal fractures, vertebral body 
fractures, history that is incompatible with the injury, and 
sometimes failure to thrive. Dr. Pais noted that the lateral 
view of the spine is very useful because some fractures 
cannot be seen on any other view. Other data given by Dr. 
Pais that might help the physician decide whether to report 
possible abuse included the following: in abused children, the 
incidence of fractures varies from 11% to 55%, but (in one 
series), the largest percentage of fractures (78%) was seen 
in abused children less than 3 years old and 50% of fractures 
found in these cases were in children less than 1 year old. 
Finally, beyond recognizing and reporting suspected child 
abuse, the radiologist’s role includes documenting data for 
court (such as the type and location of fracture, a specific 
indication that the injury is unusual, and the existence of other 
fractures and their healing stages); careful perusal of the 
contents of the film jacket; exclusion of other diseases; and 
the sequestering of films in a legal file so they cannot be 
obtained and destroyed by the parents. 

Dr. Pais also stressed the risks of not reporting findings 
that indicate possible abuse: 40-50% of battered children will 
be battered again if returned to their home; of these children, 
35% will sustain permanent physical damage, 10% will be 
fatally injured, and 30% will have siblings who also suffer 
significant injuries. The physician may be embarrassed to 
confront the parents with a suspicion of abuse, but embar- 
rassment is not sufficient reason to risk the possibility of 
further injury or even death. 
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Stress Fractures 


Richard Daffner (Pittsburgh, PA) started his talk with his 
take-home message: stress fractures are exceedingly com- 
mon and are very specific to both location and activity. The 
two types of stress fractures are fatigue fractures (caused by 
the effects of a new, strenuous, or frequent activity on normal 
bone) and insufficiency fractures (caused by the effects of 
normal activity on abnormal bone). Any force put on a struc- 
ture affects the structure within its elastic range; once this 
elastic range is exceeded, fatigue begins and results in frac- 
tures ranging from bone microfractures to catastrophic frac- 
tures. 

The mechanisms of stress fracture include direct muscle 
pull, fatigue, poor posture and stress, and poor posture and 
abnormal muscle pull. If activity is continued after a stress 
fracture has begun to develop, the fracture may be completed, 
the bone fragment may be distracted, or another fracture may 
occur in the same bone in the opposite limb or in another 
bone in the same limb. Radiologic findings of stress fracture 
depend on the stage of the fracture; in general, they include 
vague radiolucent cortical areas, callus, and endosteal thick- 
ening. 

Dr. Daffner pointed out that radiologic findings in stress 
fractures are often normal until the stress has continued for 
some time. However, radionuclide scans, CT scans, and MR 
images will show evidence of edema or change when the 
patient begins to experience pain (i.e., when the bone’s elastic 
range has been exceeded). Even in the symptomatic patient, 
radiologic findings may still be normal or include only vague 
cortical irregularities until the fracture has progressed much 
further and the patient's pain has increased significantly. 

MR imaging and radionuclide imaging can be very useful in 
the diagnosis of stress fractures of the sacrum. In one study 
of such fractures, all patients were elderly, osteoporotic 
women with lower back pain; several had had radiation ther- 
apy for pelvic malignancies. Such patients with lower back 
pain often undergo extensive, unnecessary workups for disk 
disease or tumor, when actually a diagnosis of stress fracture 
can be made easily with the appropriate examinations. In this 
study, radionuclide scans showed unilateral or bilateral areas 
of tracer activity. When bilateral areas formed the easily 
recognized “butterfly” or “Honda” sign, CT scans offered 
confirming evidence of stress fracture. In all these patients, 
T1-weighted MR images showed symmetric or asymmetric 
areas of low signal within the marrow area on the sacral side 
of the sacroiliac joints; on T2-weighted images and contrast- 
enhanced T 1-weighted images, the intensity of this low signal 
increased; no associated soft-tissue masses were seen. 
Radiologic findings provided no help in making or confirming 
the diagnosis. 

The differential diagnoses for stress fracture include osteo- 
myelitis and osteoid osteoma. Osteomyelitis can be distin- 
guished by its involvement of both cortices and a radiolucent 
nidus; it generally goes farther through the bone and causes 
more sclerosis than does stress fracture. Osteoid osteomas 
involve one cortex, are fusiform, and show a radiolucent nidus 
that may be quite thick. Neither osteogenic sarcoma nor 


MEETING NEWS 451 


Ewing tumor should be included in the differential diagnosis 
because neither has the same imaging characteristics as a 
Stress fracture. If stress fracture is suspected, the physician 
should not rush into doing a biopsy. Dr. Daffner suggests 
allowing the “old tincture of time” to work: after 2-4 weeks, 
a second study should be done to determine the best course 
of action. 


Avulsion Injuries 


In introducing the topic of avulsion injuries, Helene Pavlov 
(New York, NY) defined these injuries, according to L. F. 
Rogers, as “bone failure from tensile force that occurs to the 
musculoskeletal system, in which bone is the weakest com- 
ponent.” Avulsion injuries are most often seen in adolescent 
athletes and extremely osteopenic older adults. The athletic 
injuries occur primarily at the time of closure of the epiphysis 
and apophyses, or 2.0-2.5 years after closure. 

Lack of improper warm-up before exercise most often 
causes avulsion injuries; mechanisms of injury are a single 
violent contraction of muscle or a repetitive cycle of loading. 
Most groin pain in adolescents is related to pulls (avulsion 
injuries) of the large muscular tendons at the insertion sites 
in the pelvis. The most common site of avulsion injury is the 
ischial tuberosity, where the hamstrings and abductor mus- 
cles originate; this injury results from the attempt to violently 
flex the hip while the knee is extended (e.g., as in jumping 
hurdles). 

Findings in the typical avulsion injury include the crescent- 
shape avulsed bone that is pulled from the origin of the other 
bone and, during the healing process of the injury, a mottled 
appearance (areas of radiolucency and increased density). Dr. 
Pavlov suggests that following Dr. Daffner’s prescription of 
“a tincture of time” is important with these injuries, also. The 
injury may look like a tumor, but rather than immediately 
ordering a biopsy during this active phase, the physician 
would ask the patient for a history of activities in the past 2- 
3 weeks. Indeed, interpretation of a biopsy specimen obtained 
during the active phase of avulsion injury is tricky, because 
these biopsy results may show patterns of abnormal cells 
that look like tumor to an inexperienced pathologist. MR 
findings in avulsion injuries of the ischial tuberosity include 
increased signal within the marrow of the abnormal side 
compared with the normal side and an increased signal pat- 
tern of edema in the surrounding soft tissues. 

Other common sites of avulsion injuries include the anterior 
superior and anterior inferior iliac spine, symphysis pubis, and 
iliac crest. With injuries to the anterior superior iliac spine, the 
lesion may not be included on the radiograph of the hip, and 
so Dr. Paviov recommends imaging at least one entire half of 
the pelvis of the involved side in the initial examination of 
young athletes with groin or hip pain. Avulsion injuries to the 
symphysis pubis are seen in participants in ice hockey, bas- 
ketball, and track; two diagnostic patterns are seen: (1) wid- 
ening of the symphysis pubis, involvement of only one side, 
sclerotic changes, loss of a smooth cortex, and hypertrophy 
of the involved side and (2) the same signs plus a visibly 
avulsed fragment inferiorly at the insertion site of the gracilis 





452 MEETING NEWS 


muscle (the gracilis syndrome). Avulsion injuries of the iliac 
crest occur when an athlete tries to change direction quickly 
(e.g., as in figure skating or football). Avulsion injuries are also 
found in the lesser trochanter, the knee, in which sometimes 
both the origin and insertion are avulsed, and the foot, includ- 
ing the site where the bifurcate ligament originates at the 
superior anterior spine of the calcaneus, the external digito- 
rum brevis, the peroneus brevis, the plantar aponeurosis, and 
the sesamoid (where the fracture is typically caused by hy- 
perflexion, sometimes referred to as “turf toe” because of the 
effects of playing on artificial turf). 


Metabolic Diseases and Anemias 
Osteoporosis 


As a part of a focus session on osteoporosis, Harry K. 
Genant (San Francisco) presented a discussion of the appro- 
priate applications of bone densitometry in osteoporosis— 
the “silent epidemic.” He discussed four major applications, 
the first three of which are well supported by the literature. 
The first application is assessment of patients with metabolic 
disorders known to affect the skeleton—disorders that in- 
volve secondary osteoporosis (rather than typical senile os- 
teoporosis). Not all patients in this category should be studied 
with bone densitometry, but this technique should be used in 
patients in whom the information derived from the study could 
have specific prognostic and therapeutic implications. Even 
then, bone densitometry is only part of the clinical evaluation, 
and the densitometric technique needs to be matched with 
the clinical issues of the specific disorder (e.g., in Cushing 
disease, densitometry measurements should be made in a 
bone such as the spine). 

The second application of bone densitometry is the assess- 
ment of perimenopausal women for whom estrogen replace- 
ment therapy (ERT) is being considered. The decision about 
ERT is based on physician or patient preference, severity of 
menopausal symptoms, cardiovascular considerations, labo- 
ratory evidence of bone loss, and clinical factors. By itself, 
calcium has not proved to be effective therapy for bone loss 
after menopause, but a combination of calcium and estrogen 
therapy seems to work well; women who have been on ERT 
for 15 years show 30-40% more bone density than do control 
subjects. To determine the need for ERT, the physician should 
know that the most specific clinical risk factors for osteopo- 
rosis are that the patient is female, Caucasian or Asian, 
menopausal, elderly, and has a history of atraumatic fracture. 
The best osteoporosis predictor at menopause is bone den- 
sity, so bone densitometry appears to be justified as part of 
the determination of whether ERT is appropriate. 

Establishing the diagnosis and severity of osteoporosis in 
the context of clinical care is the third common application of 
bone densitometry. In the diagnosis of osteoporosis, clinical 
and radiologic findings are important, but bone densitometry 
results can also help when they are compared with age- 
matched groups and fracture threshold and considered in the 
context of a continuum of osteopenia with a gradient of risk 
(i.e., lower bone density indicates higher risk of fracture). 
Bone densitometry is important in these patients because 
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bone density is directly proportional to bone strength in vitro 
(bone density accounts for 70-90% of variance in strength), 
it correlates highly with fracture severity and prevalence, and 
it predicts future fracture risk. The consideration of bone 
densitometry results together with radiologic findings can 
determine appropriate management, ranging from corrective 
(e.g., calcium and exercise) for a patient with no osteopenia 
and no fracture to aggressive (e.g., calcitonin, NaF 1, bisphos- 
phonates) for a patient with severe osteopenia and fracture. 

The fourth possible application of bone densitometry is the 
most controversial: serial assessment to monitor disease 
treatment. Average bone-density gains after treatment with 
calcitonin, NaF1, EHDP, or PTH are 2-10% (DPA treated) to 
4-20% (QCT treated). It has been shown that bone densitom- 
etry with 2-point measurement and 2% precision can detect 
changes above 4% in bone density with 90% confidence 
(one-tailed test); a 20% change during a relatively short time 
can be measured easily by bone densitometry. 

Finally, Dr. Genant mentioned four prerequisites for imple- 
mentation of wider screening applications of bone densitom- 
etry: dissemination of knowledge about osteoporosis man- 
agement, access of the involved patients to adequate medical 
care, availability of reliable instruments at a reasonable cost, 
and uniformity of technical performance. 


Gaucher Disease 


Daniel |. Rosenthal (Boston) discussed the clinical, skeletal, 
and radiologic features of Gaucher disease. Clinical features 
includes visceral signs (massive organomegaly, especially 
splenomegaly and less often hepatomegaly) and systemic 
anemia and thrombocytopenia (leading to increased suscep- 
tibility to infections, including osteomyelitis). Three-quarters 
of the patients with this disease will have skeletal findings, 
including the Erlenmeyer flask deformity, diffuse osteopenia, 
pathologic fractures, focal lytic lesions, osteonecrosis (50% 
of these patients have hip replacement at some point), osteo- 
myelitis, and bone pain and crisis. 

The MR features of Gaucher disease are quite striking. The 
marrow replacement is not random but centrifugal with rela- 
tive sparing of the epiphysis. The replacement progresses 
from proximal to distal locations, and this feature allows a 1- 
9 grading system according to involvement shown on MR 
images: patients with Gaucher disease less than MR grade 5 
tend to have no risk of skeletal complications. 

Imaging methods to diagnose this disease include plain 
films, dual-energy CT, xenon CT scanning, and MR imaging 
(including three-dimensional studies). The size of the spleen 
and amount of bone marrow fat (shown by dual-energy CT 
and MR imaging) correlate highly with the severity of Gaucher 
disease. 

The effects of therapy can also be measured by imaging 
parameters. After 6 months of IV enzyme replacement ther- 
apy, the change in spinal fat content is apparent on either MR 
images or CT scans. Dr. Rosenthal concluded by saying that 
radiologists now have the ability to quantify bone marrow in 
ways not possible in the past; this capability has important 
implications in the diagnosis and treatment of Gaucher dis- 
ease and other diseases. 
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Paget Disease 


George K. Chapman (Hunters Hill, Australia) reviewed cur- 
rent knowledge of Paget disease, which was first described 
almost 120 years ago. Although the medical community has 
not discovered much more about the nature of this disorder 
since then, more has been learned about its diagnosis. A wide 
variety of imaging techniques is now available to show the 
disease’s features: plain film is the most helpful in diagnosis, 
and bone scanning and CT may be used for further evaluation; 
the disease may be found incidentally on MR images, but MR 
imaging does not play a large part in the diagnosis at this 
time. 

Dr. Chapman emphasized two radiologic findings of Paget 
disease, which involves a wide variation of focal disease. The 
bone margin is perhaps the most important site to examine 
in diagnosing this disease: A V- or U-shaped margin is an 
important finding for the diagnosis of this disease; a “blade of 
grass" margin is often found in younger patients (20-40 years 
old). Another important sign is change in bone density. In 
phase 1 (the osteolytic phase), bone destruction may be 
subtle, but bone scans allow early diagnosis by showing 
changes in bone density. Osteolytic changes in flat bones are 
particularly evident; Paget disease occurring in long bones 
can cause difficulties in diagnosis, but enlarged bones provide 
one clue, and a clear-cut margin is once again a diagnostic 
feature of the disease. Other findings include altered arch, 
enlarged and sclerotic bone, and thickened and sometimes 
bent cortex. 

When Paget disease involves a “bare area” (radiolucent 
area with no bone), the physician may have difficulty distin- 
guishing the disease from tumor. In one such case, the CT 
numbers showed the abnormality to have the attenuation of 
fat, and the patient’s pain was relieved by steroid injections. 
On the other hand, the physician must stay alert for bare 
areas where they are not expected; one patient with such 
findings had a sarcoma with cortical destruction. Prominence 
of bony structures can also occur in Paget disease, and 
further imaging examinations may be needed to rule out 
sarcoma and to avoid biopsy. 


Arthritis 


Rheumatoid Arthritis, Psoriatic Arthritis, and Inflammatory 
Osteoarthritis 


The distinctions between the often confused entities of 
rheumatoid arthritis, psoriatic arthritis, and inflammatory os- 
teoarthritis were presented by William Martel (Ann Arbor). 

Rheumatoid arthritis causes juxtacortical bare-area ero- 
sions, which are characteristic, but not specific. These ero- 
sions occur in other articular diseases (but not in osteoarthri- 
tis). Erosion usually occurs earlier in the metacarpal areas 
than in the articulating phalanges. The erosive process may 
simply “wipe out” the cortex rather than show a discrete area 
of erosion. When rheumatoid arthritis occurs in a joint with 
multiple articulating surfaces, it almost always affects more 
than one surface. The end stage of rheumatoid arthritis is 
characterized by subchondral erosion, osteopenia (a hallmark 
of the disease), and malalignment, often with volar subluxation 
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(volar subluxation almost never occurs in osteoarthritis). 
Pseudocysts may occur in rheumatoid arthritis, but are rare 
in psoriatic arthritis and Reiter syndrome. Also, occasionally 
in rheumatoid arthritis, erosions develop in the feet before 
they develop in the hands; however, it is atypical for severe 
erosions to be present in the foot in the absence of any 
erosions in the hand. Periosteal bone apposition is typically 
absent in rheumatoid arthritis, but may be minimal (possibly 
at sites of tenosynovitis). 

Often confused with rheumatoid arthritis because arthritis 
may precede skin lesions, psoriatic arthritis differs from rheu- 
matoid arthritis in its tendency to involve the terminal inter- 
phalangeal joints and produce bone apposition. Concomitant 
bone apposition may obscure bone erosion. In psoriatic ar- 
thritis, the erosions occur in bare areas, and when these are 
associated with fuzzy bone apposition at the bases of the 
distal phalanges in the hands, they cause the “mouse ears” 
appearance. Erosions may be present without osteopenia, 
but in advanced disease, osteopenia is frequently present. In 
approximately 25% of patients with psoriatic arthritis, the 
“single-ray” pattern is seen (in which joints of one ray are 
selectively affected); also in 20-25% of patients, a polyartic- 
ular unilateral pattern appears that is virtually pathognomonic 
for psoriatic arthritis (as opposed to rheumatoid arthritis). A 
commonly affected joint in the foot is the interphalangeal joint 
of the great toe. Posterior calyceal spurs are often irregular 
and indistinct in outline as contrasted to spaces with sharp 
margins that may be seen in rheumatoid arthritis. 

Osteoarthritis usually affects both proximal and terminal 
joints; in erosive osteoarthritis, the striking inflammation may 
last for months and my be confusing to clinicians. However, 
some features that can help distinguish osteoarthritis include 
sparing of metacarpophalangeal joints and the pattern of 
subchondral rather than juxtachondral bone erosion. Also, in 
osteoarthritis, bone apposition is not common; when it does 
occur, it is linear and minimal and always associated with 
severe destruction of adjacent joints. It is never associated 
with fuzzy bone apposition, as is often seen in psoriatic 
arthritis. 


The Radiology of Osteoarthritis 


Deborah Forrester (Los Angeles) discussed the radiology 
of osteoarthritis, including the investigation of the underlying 
cause for the destruction of cartilage. She first urged that 
physicians eliminate the concept that overuse of a joint can 
cause osteoarthritis; no evidence (e.g., studies on the hands 
of players of string instruments and on the feet of long- 
distance runners) indicates that placing great stress on a joint 
results in a higher incidence of this disease, and “even doctors 
who hate running” have been unable to prove that running 
causes osteoarthritis. 

Whereas rheumatoid arthritis is a synovial disease, osteoar- 
thritis is a disease of the cartilage. Radiologic findings of 
osteoarthritis include nonuniform cartilage loss and segmental 
cartilage narrowing; secondary to this denuded area, bone 
formations result in subchondral sclerosis and subchondral 
cysts. When these features indicate the diagnosis of osteoar- 
thritis, the radiologist should then consider the causes of the 
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disease and determine whether the osteoarthritis is primary 
or secondary. 

Unfortunately, making these determinations is sometimes 
difficult or impossible. Dr. Forrester described a patient with 
end-stage hip disease, in whom the radiograph showed mul- 
tinle metallic densities around the hip joint that represented 
acupuncture needles left in attempts to resolve hip pain over 
many years. One could not tell from this one film the cause 
of the disease; it may have resulted from infection, avascular 
necrosis, or treatment with remedies that contained predni- 
sone. One expert (Harris) has hypothesized for years that 
end-stage hip disease without obvious cause is usually the 
result of unrecognized disease in childhood. 

Even a series of radiographs may not reveal the cause. In 
one series, no clue was provided about the cause of degen- 
eration but the classic progression of osteoarthritis was illus- 
trated nicely: initial typical radiographic findings of superior 
segmental narrowing and subchondral cysts, followed 2 years 
later by not much change except for some change in the 
cysts, and then end-stage disease with huge osteophytes 
seen 4 years after the original radiograph. 

Given these difficulties, radiologists should look for specific 
evidence of secondary osteoarthritis: trauma, alteration of the 
articular surfaces so that they become incongruent (which 
leads to uneven wear and tear), and deposition of something 
in the cartilage to initiate the destruction with fissuring. In the 
case of a gunshot victim, one bullet caused osteoarthritis in 
two distinct ways: by avascular necrosis from the damage 
actually done by the bullet and by lead arthropathy (which 
always leads to secondary degenerative disease). Abnormal- 
ities of articular surfaces seen in secondary osteoarthritis 
most commonly result from an untreated, congenital dislo- 
cated hip; a less common cause is avascular necrosis; and a 
very rate cause is spondyloepiphyseal dysplasia. Calcification 
in the cartilage provides a hint that cartilage deposition of 
crystals of pigmentation has occurred; the “Milwaukee shoul- 
der” is a complication of hydroxyapatite deposition disease. 
Also, overgrowth of cartilage, rather than deposition in it, may 
cause joint degeneration. 

Neuropathic joints can look like osteoarthritis with absence 
of osteoporosis and presence of narrowing with little prolif- 
erative change. To distinguish between these two entities, 
the radiologist should check for the huge chronic effusions 
characteristic of neuropathic arthropathy. If these effusions 
can be tapped, they are noninflammatory, and this is diagnos- 
tic of neuropathy—a diagnosis that becomes even more 
evident as the neuropathic joints crumble, possibly within 
weeks. 


MR Imaging and Skeletal Diseases 
Adult Hip Diseases 


In his discussion, Lawrence W. Bassett (Los Angeles) first 
listed the advantages of MR imaging in adult hip disease: the 
high sensitivity of MR in detection of bone marrow lesions 
(due to the high signal intensity of normal bone marrow); the 
inherently high contrast, resulting in exquisite depiction of 
soft-tissue structures, and the capability for direct imaging in 
any plane. The disadvantages of MR imaging include its 
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limitations in depicting fine details of structures with tightly 
bound hydrogen, such as bone, its inability to be used in 
patients who have pacemakers, and its high cost. 

MR imaging is an ideal tool for studying the anatomy of the 
hip: individual muscles and tendons can be identified better 
than with any other method. The use of multiplanar imaging 
enhances the depiction of many structures, especially ten- 
dons. 

MR findings in adult hip disease should be correlated with 
clinical and pathologic results to optimize diagnostic accuracy. 
Although MR results are highly sensitive for detecting abnor- 
malities within high signal intensity marrow, the low signal 
intensity of the abnormalities is often nonspecific (trauma, 
tumor, and infection may all look similar). Also, the low signal 
intensity of active hematopoietic bone marrow may be mis- 
taken to be abnormal. MR imaging can be used preoperatively 
to show marrow and soft-tissue extent of tumors; MR images 
can also identify skip lesions in the marrow and invasion of 
the hip joint. MR has a high sensitivity for detection of 
metastases, and can be used as an adjunct to radionuclide 
scanning and radiography in equivocal cases. 

For trauma to the adult hip, CT is more effective in depicting 
acetabular fractures and intraarticular fragments. However, 
MR images may show the viability of the bone marrow of the 
femoral head after its fracture and may be useful in showing 
injuries to ligaments and tendons. Also, MR imaging is capable 
of showing small fluid collections within and around the hip. 

In concluding, Dr. Bassett noted that, despite the advan- 
tages of MR imaging, it should be used routinely in adult hip 
disease but should be reserved for cases in which it can 
provide clinically useful information that is not available with 
less expensive methods. 


Detection of Occult Injuries 


In her presentation, Dr. Frieda Feldman (New York, NY) 
focused on the use of MR imaging in cases of acute, severe, 
persistent lower back pain (especially in older patients). Her 
first example was that of a 60-year-old woman (5 years after 
a mastectomy) who arrived with several studies, including a 
hard-to-evaluate pelvic study that was perhaps suggestive of 
sclerosis; this study led to CT scanning, which in turn led to 
biopsy, interpretations of which ranged from diagnoses of 
metastases and primary tumor to nondiagnosis (“insufficient 
tissue”). Actually, the cause of this patient's pain was an 
insufficiency stress fracture, and it was clearly identified by 
MR imaging. In another of many similar cases, a 50-year-old 
woman with lower back pain “came in with stacks of films 
and CTs done by the unwary” and a biopsy diagnosis of 
metastases; the MR image definitively showed the sacral 
fracture that was causing the pain. Dr. Feldman emphasized 
the importance of using MR imaging to ensure that stress 
fractures are not misdiagnosed as tumor and that identifica- 
tion of a possible insufficiency stress fracture can be aided 
by looking for associated fractures in typical locations, includ- 
ing the spine, pubic pelvis, and supraacetabular region. 

A traumatic hip fracture in a 70-year-old woman was missed 
on “initial, cost-conscious” tomograms. Coronal and axial MR 
images definitively identified the fracture and provided the 
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diagnosis. Follow-up tomograms (2-mm cuts) still failed to 
corroborate the fracture. The weakened femoral neck was 
pinned on the strength of the MR findings. 

In the section of her talk that she called “the really esoteric, 
and occult: the skeletal symptom in search of a cause,” Dr. 
Feldman discussed those patients with vague plain films. She 
gave several cases in which tomograms were unable to 
provide diagnosis for symptomatic patients, so that MR im- 
aging was requested as somewhat of a last resort. In one 
emergent case, a 50-year-old man with a painful knee effusion 
had inconclusive radiographic and tomographic studies; when 
MR imaging was done, the results revealed a “multitude of 
soft-tissue sins,” including the Known effusion, a medial men- 
iscal tear, abnormal signal in the posterior tibial plateau indi- 
cating a fracture, along with an abnormal lateral ligament, 
increased buckling of the posterior cruciate ligament, absence 
of a definite anterior cruciate ligament, and a lateral meniscal 
tear. Based on this and other experiences, Dr. Feldman 
concluded that MR imaging is a “heaven-sent problem solver.” 


Awards of the International Skeletal Society 


Two awards are given at each annual meeting of this 
society: The highest award is the Founders Medal and the 
second highest is the Founders Lecture. 


The ISS Founders Gold Medal 


Walter Bessler (Winterthur, Switzerland), the ISS president, 
presented the Founders Medal to John A. Kirkpatrick, Jr., 
(Boston) a charter member of the ISS and its fourth president, 
whom Dr. Bessler described as a “perfect gentleman from 
top to toe.” Dr. Kirkpatrick was awarded this honor not only 
for his contributions to the ISS in particular and to the body 
of knowledge concerning skeletal radiology in general but 
also for his publications (107 journal articles, 27 book chap- 
ters, and the book Orthopedic Diseases); his editorial services 
to many medical publications; his active memberships in other 
professional societies (including the John Caffey Society for 
Pediatric Radiology, the Fleischner Society, the American 
Roentgen Ray Society [past president, ARRS], The Society 
for Pediatric Radiology [past president, SPR], and honorary 
memberships in 22 other societies); and his receipt of the 
Gold Medals of both the ARRS and the SPR. 


The ISS Founders Lecture 


For the second highest award, Michael J. Pitt (Tucson) 
gave the Founders Lecture in honor of Jack Edeiken (Hous- 
ton), one of the three founders of the ISS. 

Dr. Pitt’s introduction to his lecture focused on the life and 
accomplishments of Dr. Edeiken, “superior clinician, outstand- 
ing teacher, accomplished scholar [author of Roentgen Diag- 
nosis of Diseases of the Bones], founder of the ISS, and 
friend.” Besides being a founder of the ISS, Dr. Edeiken has 
held many other important posts in the organization, including 
secretary-treasurer and president. Dr. Pitt summarized Dr. 
Edeiken's contribution to ISS by saying, “Without him, ISS 
would not be what it is today.” 
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Dr. Pitt began his Founders Lecture, “Rickets and Osteo- 
malacia,” with a history of rickets, which he called our first 
real “environmental disease” because it first became com- 
monplace in England during the Industrial Revolution. Its 
prevalence in the United States in the early part of this century 
is reflected by a 1900 study that found that 80% of infants 
less than 2 years old in Boston had rickets. Vitamin D- 
deficiency rickets virtually disappeared in the early 1920s with 
the discovery and synthesis of vitamin D. Rickets refractory 
to vitamin D comprise the cases seen by physicians today. 
(We now know that “vitamin D” is not a vitamin at all, but a 
prohormone formed naturally in the body that paradoxically 
both breaks down bone and creates new bone.) 

The terms rickets and osteomalacia represent a group of 
diseases with similar gross, radiologic, and histologic abnor- 
malities; more than 50 reported diseases have changes char- 
acteristic of rickets and osteomalacia. Originally, these two 
diseases were considered separate entities, rickets occurring 
in the skeletally immature, and osteomalacia occurring in the 
cortical and spongy bone; they are, however, aspects of the 
same disease, and the physician needs to realize that rickets 
and osteomalacia coexist in the long bones of skeletally 
immature patients. Also, both rickets and osteomalacia are 
systemic diseases. Dr. Pitt also discussed the diagnosis of 
rickets and osteomalacia. In rickets, the increase in the num- 
ber of cells in the physeal zone of hypertrophy is haphazard 
(both in axial and latitudinal directions); also, there are fewer 
than normal cartilaginous bars laid down, and they cannot be 
mineralized. These characteristics contrast dramatically with 
the orderly columns in the normally developing growth plate. 
The radiologic diagnosis of rickets includes increased longi- 
tudinal and latitudinal radiolucency in the growth plate, de- 
creased mineralization in the zones of primary and secondary 
spongiosa, and disorganization. In osteomalacia, the amount 
of bone is less than in the cortex of the normal medullary 
cavity, the canals are widened, and a pink-staining substance 
(osteoid seams) borders the canals. Radiologically, osteo- 
malacia is characterized by osteopenia, decreased bone in 
cortex, Looser zones, osteoid accumulation, bending, and 
secondary hyperthyroidism. 

Finally, Dr. Pitt discussed the approach that the radiologist 
can take to discover the cause of diagnosed rickets or osteo- 
malacia. Although many of the findings are nonspecific for 
any one disease in this group of diseases, he recommended 
a systematic consideration of the three main types of causes 
for the diagnostician to consider: (1) vitamin D metabolism 
difficulties, including gastrointestinal malabsorption and liver 
or kidney problems; (2) phosphate or calcium disorders— 
usually phosphate (a renal tubular disorder, such as X-linked 
hypophosphatemia, uremic osteopathy, Fanconi syndrome, 
or tumor-associated disorder, including disorders associated 
with either tumors or tumor treatment); and (3) other (a small 
percentage of patients whose radiologic findings look like 
rickets but who do not have biochemical features of rickets), 
including cases of metaphyseal chondroplasia, axial osteo- 
malacia, and hyperphosphatasemia. Some characteristics 
seen in these categories are more specific than others, but 
using such systematic classification may help make the phy- 
sician more comfortable with diagnosing and treating patients 
with the end-stage diseases of rickets and osteomalacia. 
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Radiology and the Environment 


David Magaram, in his recent letter [1], has made an interesting, 
environmentally friendly suggestion that appears to solve two prob- 
lems at once. When | was working at a municipal public hospital, we 
often had shortages of various kinds. At least some of these were 
overcome because of ingenuity. The radiology department's supply 
of paper for letters consisted entirely of the sheets used for interleav- 
ing X-ray films in boxes. The film boxes themselves were used in a 
number of ways. Films for teaching files were placed in these boxes, 
which were then labeled in accordance with the standardized criteria. 
Some of the boxes were used for separating X-ray films in the 
dispatch section of the department. Frequent requests for these 
boxes came from the nursing staff of the wards, who used to hang 
the boxes by the patients’ bedsides, as receptacles for clinical papers. 
Unused X-ray films that got accidentally exposed to light or stored 
films that had not been used before their expiration date were not 
thrown away. Instead they were immersed in a solution of chemical 
fixer and then washed and dried. The unusable films were trans- 
formed into usable transparent sheets, suitable for communicating 
written data on a view box. These were also ideal “slides” for 
handwritten text and hand-drawn diagrams used in overhead projec- 
tions with epidiascopes. 

Though partly because of scarcities, we were being environmen- 
tally friendly all the same. | would like to hear from other radiologists 
about similar waste-reducing experiences. 

Hemant Morparia 
Bombay 400006, India 
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Gallbladder Contractility in Patients with Spinal 
Cord Injury 


We question the methods, results, and conclusions of Nino-Murcia 
et al. in their article “Gallbladder Contractility in Patients with Spinal 
Cord Injuries: A Sonographic Investigation” [1]. Their study design 
has several flaws, which makes their interpretation of the data am- 
biguous. 

The authors’ test group was not stratified according to relative 
completeness, duration, or level of spinal cord injury, all of which may 
obscure differences based on the degree of autonomic dysfunction. 
The lack of stratification is shown by the large standard error of the 
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mean in the test group (patients with spinal cord injuries) compared 
with that for the control group for mean ejection fraction: 3.6 vs 2.1 
(SD, 19.72 vs 11.88; coefficient of variability, 0.40 vs 0.19). Reana- 
lysis of the data after stratification would be of great interest, provid- 
ing each of the subgroups has a sufficient number of patients. 
Nino-Murcia et al. find that the gallbladder ejection fraction in 
patients with spinal cord injury is lower than that in control subjects: 
49% vs 62%. They attribute this to the lower resting volume in the 
patients with spinal cord injury. However, ejection fraction is the 
quotient of ejected volume divided by resting volume, so a lower 
resting volume would, on the contrary, increase the ejection fraction. 
A much more plausible reason for their finding would be the lower 
ejected volume: 11 ml in the test group vs 17 ml in the control group. 
We think it is misleading to represent the data as Nino-Murcia et 
al. do in their Figure 2 (in [1]). If gallbladder volume (their data) is 
plotted as a function of time, it appears that the Ty, the time required 
for the gallbladder to empty half its volume, is markedly prolonged in 
patients with spinal cord injuries as compared with control subjects: 
50 vs 34 min (Fig. 1, this letter). Because only mean data are reported 
by Nino-Murcia et al., not the results for individual patients, standard 
deviation and statistical significance cannot be generated. However, 
these results seem to agree with our previous data ([2, 3]; Chassin- 
Kaplan SL et al., paper presented at the annual meeting of the 


3 Gallbladder volume (ml) 


Controls 


Spinal cord injury 





O 5 10 15 20 25 30 35 40 45 50 55 60 


minutes 
Fig. 1.—Graph shows gallbladder contractility in control subjects and in 
patients with spinal cord injuries (based on data from Nini-Murcia et al. 


[1]). 
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American Spinal Injury Association, May 1988) that gallbladder emp- 
tying is impaired in patients with high spinal cord injury. 

Michael D. Apstein 

Harvard University 

Veterans Affairs Medical Center 

West Roxbury, MA 02132 

Susan Kaplan 

Norah Milne 

University of California, Irvine 

Veterans Affairs Medical Center 

Long Beach, CA 90822 
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Reply 


Apstein, Kaplan, and Milne have made three criticisms of our article 
[1]. First, they observe that none of our patients were stratified 
according to the completeness, duration, or level of the injury. Dr. 
Milne was the coauthor of a previous letter to the editor [2], to which 
we have already responded [3]. We emphasize once again that we 
reanalyzed our data after stratification. The results confirm our ob- 
servation that gallbladder contractility does not differ significantly in 
patients with spinal cord injuries as compared with control subjects. 

Their second criticism is that inasmuch as the ejection fraction is 
the quotient of the ejected volume divided by the resting volume, a 
lower resting volume allegedly would increase the ejection fraction. 
The conclusion wrongly assumes that the ejected volume will remain 
constant. This can never be the case if the resting volume is smaller 
and the end volume is the same: The ejected volume will also be 
smaller. For example, assume that the resting volume of a normal 
control gallbladder is 10 ml and that its end volume, after contraction, 
is 5 ml. The ejection fraction is then (10 — 5)/10, or 50%. Let us then 
suppose that the resting volume of the gallbladder in a patient with a 
spinal cord injury is smaller, say 8 ml, but that its end volume is also 
5 ml. The ejection fraction is then (8 — 5)/8, or 37.5%. What this 
example illustrates, then, is that the ejection fraction is smaller with 
a lower resting volume. The example also illustrates that describing 
gallbladder contractility in terms of the ejection fraction obscures the 
underlying physiologic fact: The observed smaller ejection fraction is 
not due to impaired contractility but to a smaller initial resting volume. 
The calculated smaller ejection volume is not of primary importance, 
and certainly does not characterize the process. It is secondary to 
what is primarily a simple arithmetic relationship. 

The third criticism is that if gallbladder volume is plotted as a 
function of time, it appears that Ty,, the time required for the gallblad- 
der to empty half its volume, is markedly prolonged in patients with 
spinal cord injuries as opposed to control subjects. Our response is 
as follows: The graph Apstein et al. provide is misleading, because 
they have not normalized the ordinate scale. Basically, the absolute 
gallbladder volume cannot be used as the reference scale for both 
patients and control subjects. This is a basic tenet of kinetics meth- 
odology. Thus, for example, half the resting volume for a control 
patient is (28/2) or 14 ml, which represents a gallbladder that still has 
about 17.6% of its total ejectable volume remaining. Half of the 
resting volume for a patient with a spinal cord injury would be (21/2), 
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or 10.5 ml, or essentially the end volume of a fully contracted 

gallbladder. In other words, Ty, for normal controls means the time it 

takes to empty 82.4% of the ejectable gallbladder volume, whereas 

Ty, for patients with spinal cord injuries means the time it takes to 

completely empty the ejectable volume of the gallbladder. That is 

comparing apples and oranges. This is why we chose to normalize 

the kinetics ordinate scale by expressing gallbladder volumes as a 

percentage of the total ejectable volume. When this procedure is 

used, Ty, is meaningful and, more to the point, identical for both 
patients and controls. In summary, we stand by our conclusions. 

Matilde Nino-Murcia 

Inder Perkash 

Stanford University Medical School 

Stanford, CA 94305 

Veterans Affairs Medical Center 

Palo Alto, CA 94304 

Paul J. Chang 

University of lowa Hospital and Clinics 

lowa City, IA 52242 
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Insulinomas: MR Imaging with STIR Sequences and 
Motion Suppression 


Insulinomas are often a diagnostic challenge, because they are 
usually less than 2 cm in size at the time of clinical presentation. 
Diagnostic sensitivity has ranged from 43% to 78% with CT scanning, 
60% to 90% with angiography, and 81% to 90% for pancreatic 
selective venous sampling [1, 2]. Although MR imaging has shown 
low sensitivity for the detection of functional islet cell tumors, a recent 
study [3] showed that gastrinomas were markedly hyperintense to 
adjacent tissues on short TI inversion recovery (STIR) images. We 
assessed the usefulness of STIR imaging for the detection of insuli- 
nomas. 

Two women and one man 26-45 years old with possible insulinoma 
were referred for MR imaging. All had normal findings on contrast- 
enhanced CT scans. MR imaging was performed at 1.5 T (GE Signa, 
Milwaukee, WI), and glucagon (0.5 mg) was given IV after the initial 
localizing MR sequence. Pulse sequences included axial T1-weighted 
(233-500/16-20 [TR/TE]), T2-weighted (2000/20, 80), and STIR 
(1700-2000/30-43, TI 140) images. Slice thickness was 5 or 6 mm, 
with a 50% interslice gap. Respiratory compensation with reordering 
of phase-encoding steps was used for all sequences. 

MR correctly showed the insulinoma in both patients who had 
surgical confirmation of their tumors. Both of these lesions were 
about 1 cm in size at surgery. They were isointense to pancreas on 
T2-weighted images, slightly hypointense on T1-weighted images, 
and markedly hyperintense on STIR images (Figs. 1 and 2). In the 
third patient, in whom insulinoma ultimately was excluded on the 
basis of clinical findings, no insulinoma was seen on MR images. 

Although angiography and pancreatic selective venous sampling 
may help in detecting small insulinomas that are not shown on CT, a 
noninvasive alternative would be preferred. Although Frucht et al. [3] 
found a sensitivity of only 24% for MR detection of intrapancreatic 
gastrinomas, the STIR technique was not used for some patients in 
their series. Frucht et al. also did not use respiratory compensation 
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Fig. 1.—Insulinoma of head of pancreas in 41-year-old man. STIR MR 
image (1700/30, TI 140) shows a 1-cm lesion (arrow) that is hyperintense 
to surrounding rim of normal pancreatic tissue. 


Fig. 2.—Insulinoma of pancreatic body in 45-year-old woman. STIR MR 
image (2000/43, TI 140) shows 1-cm lesion (arrow) that is hyperintense to 
adjacent normal pancreas (arrowheads). Incidental hemangiomas (H) are 
present in liver. 


and glucagon, thereby, increasing the number of artifacts due to 

respiration and peristalsis, respectively. Administration of glucagon 

improves delineation of the pancreas during MR imaging [4]. The 

combination of (1) motion supression techniques and (2) high contrast 

associated with STIR imaging allowed us to detect small insulinomas 

and would likely improve detection of other islet cell tumors of the 
pancreas. 

Ruben Kier 

Barbara Kinder 

Yale University School of Medicine 

New Haven, CT 06510 
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The Azygos Lobe: A Nonentity? 


| commend Mata et al. [1] on their lucid article on imaging the 
azygos lobe. However, | take semantic exception to their use, and 
the use by many other authors, of the term azygos lobe. | think that 
a more appropriate term would be azygos fissure or anomalous 
azygos vein and fissure. 

The Fleischner Society defines a lobe of the lung as “one of the 
principal divisions of the lungs (usually three on the right and two on 
the left) that are separated in whole or in part by pleural fissures” 
[2]. This definition is similar to those found in standard medical 
dictionaries and clearly does not intend that a lobe be defined solely 
on the basis of fissures. Commonly, radiologists identify a right inferior 
accessory fissure, fissures separating the superior segments from 
the basal segments of the lower lobes, or assorted supernumerary 
fissures (as illustrated by Mata et al. in their Fig. 17A). However, the 
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areas of lung parenchyma subtended by these fissures are not 

referred to as lobes. Likewise, lobes that have incomplete or virtually 
nonexistent fissures do not lose their lobar identity. 

Ferris Hall 

Beth Israel Hospital 

Harvard Medical School 

Boston, MA 02215 
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Reply 


We thank Dr. Hall for his interest in our paper [1]. The expression 
azygos lobe is a time-honored term that has been used by prominent 
anatomists and radiologists [2-4]. We have used it to avoid semantic 
variations that may confuse or mislead the reader. 

We agree with Dr. Hall that azygos fissure or anomalous azygos 
vein and fissure are more appropriate terms, as the azygos fissure 
does not limit a real anatomic structure. 

J. M. Mata 

J. Caceres 

Hospital de Sant Pau 
Universidad Autonoma 
08025 Barcelona, Spain 
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Pneumothorax and Thoracentesis 


| read with interest the paper by Raptopoulos et al. [1], who found 
a sharp decrease in the prevalence of pneumothorax when sonog- 
raphy rather than clinical examination was used for guidance during 
thoracentesis. | report a simple way to reduce even further the 
prevalence of pneumothorax. 

For many years, | have been doing sonographically guided thora- 
centesis with a 16- or 18-gauge Jelco IV catheter placement unit 
(Citikon, Tampa, FL). Sonography is used to localize the pleural fluid 
precisely before the needle-cannula unit is inserted. Continuous as- 
piration through an attached 2-ml syringe is maintained during place- 
ment of the unit, and as soon as fluid is obtained, the cannula is 
advanced, and the needle is withdrawn. Extension tubing and a three- 
way stopcock are attached to the cannula, and the fluid is aspirated 
by using a 50-ml syringe. The cannula is blunt, so therapeutic thora- 
centesis can be performed safely without fear of penetrating the 
expanding lung. 

Using this technique, | have performed hundreds of thoracenteses 
(usually aspirating all the fluid possible) and have had only one 
pneumothorax, which presumably was produced during the initial 
placement of the needle-cannula unit. Substituting a cannula for a 
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needle thus increases further the safety advantage provided by using 
sonographically guided thoracentesis. 

Patrick J. Bryan 

San Antonio Community Hospital 

Upland, CA 91786 
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Reply 


Dr. Bryan's experience with using a combination of sonographic 
guidance and a needle-catheter technique to perform thoracentesis 
is worth noticing because his record is outstanding. However, to 
attribute his success to the use of the cannula may be conjectural. 
The needle-catheter unit makes good sense, but in a prospective 
randomized study done at the University of Massachusetts, my 
colleagues and | showed that use of this method was not associated 
with a decrease in the prevalence of pneumothorax when compared 
with use of the needle-only technique [1]. Dr. Bryan refers to a 
subsequent study [2] in which the use of needle-catheter systems 
was not investigated any further. In addition, Dr. Bryan’s assumption 
that pneumothorax is related to puncture of the lung may not be 
completely accurate. If so, the occurrence of pneumothorax after 
percutaneous lung biopsy (lung puncture is obligatory) would have 
been high. Instead, pneumothorax may be related to the inability of 
the lung to reexpand as fast as the pleural cavity is emptied. Accord- 
ingly, our data have shown that excluding sonographic guidance, the 
size of the needle (or cannula) used and the amount of fluid aspirated 
are the only other factors that affect the development of pneumotho- 
rax associated with thoracentesis: the smaller the better for both 
needle and fluid [2]. Regardless, what is the clinical usefulness of 
aspirating the pleural cavity dry? If this is needed, we suggest that it 
be done in stages. 

Dr. Bryan had one pneumothorax in “hundreds” of sonograpically 
guided thoracenteses, whereas we had five in 188 [2]. This difference 
may be statistically significant, but it is small and thus of doubtful 
Clinical importance. Similarly, many clinicians would argue that our 
18% rate of pneumothorax in patients having thoracentesis without 
sonographic guidance is higher than they would expect on the basis 
of their own experiences. These anecdotal accounts illustrate that 
complex factors related to individual dexterity, although difficult to 
measure, cannot be downplayed. Thoracentesis is a common pro- 
cedure, and in most teaching hospitals it is performed and learned 
by physicians in, and usually with the least, training. Although we 
tried to control for this deficiency by providing special instructions [1], 
the ability of trainees does not equal the abilities of experienced 
physicians. Sonographic guidance may be most helpful for those in 
training. As for Dr. Bryan and others with similar experience, it would 
be imprudent to suggest that they change the techniques they use 
for thoracentesis. 

Vassilios Raptopoulos 
Beth Israel Hospital 
Harvard Medical School 
Boston, MA 02215 
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Erosion of Spinous Process After Surgery 


We describe a case of erosion of a spinous process caused by a 
foreign body reaction to a compress left behind during surgery. 

A 45-year-old man was admitted because he had had right-sided 
sciatic pain for 2 months. Seven years before he had had surgery for 
a herniated disk at L5-S1 (median approach of L5-S1, clearing of 
the left paraspinal gutter, cleaning out of the disk). Radiographs of 
the lumbar spine showed erosion of the left side of the spinous 
process of the fourth lumbar vertebra (Fig. 1A); the superior border 
of L5 appeared to be eroded on frontal views but was normal on 





Fig. 1.—Erosion of spinous process caused by a foreign body reaction. 

A, Radiograph shows erosion of left side of spinous process of fourth 
lumbar vertebra (arrows). 

B, CT scan shows marked erosion of spinous process of fourth lumbar 
vertebra and an adjacent soft-tissue mass. 


lateral views. CT showed irregular erosion of the spinous process, 

an adjacent mass (Fig. 1B) that did not enhance after IV administration 

of contrast material, and a herniated disk at L5-S1, which was 

thought to be the cause of the pain. Examination of the area during 

surgery showed that the erosion was caused by a foreign body 

reaction to a compress left in the left paraspinal gutter during the 
earlier surgery that probably had migrated upward. 

B. Fouquet 

P. Goupille 

P. Cotty 

J. P. VaPat 

Trousseau Hospital 

37044 Tours, France 


Grid for CT-Guided Percutaneous Fine-Needle 
Aspiration 


Many CT-guided fine-needle aspirations are done by introducing a 
needle from a point chosen after the patient is scanned with a grid in 
place on the skin. The grid is often improvised, resulting in some 
inaccuracy in placement of the needle and considerable compromise 
so far as convenience and ease of application of the grid. 

| have found that the wires of a common, inexpensive egg slicer 
(Fig. 1) provide an excellent grid. The cost of the slicer is small—a 
little more than $1—and the grid is easily detached from the base of 
the apparatus. The grid’s frame and wires are stainless steel, so it is 
easily sterilized. 

CT scanning is done twice: with and without the grid in position. 
The grid is placed with the wires parallel to the long axis of the 
patient. The cross-sectional plane of entry is indicated by the pencil 


460 LETTERS 





Fig. 1.—Grid for CT-guided percutaneous fine-needle aspiration. 

A, Grid consists of frame and wires (6.5 mm apart) from an egg slicer. 

B, CT scan shows needle placed into posterior lung mass by using grid 
for guidance. 


beam of the CT gantry. A window width of 1200 H, centered on 

—240 H, provides a clear image of the fine wires of the grid and of 

the outer frame along each side. Choosing the best site of entry along 

the grid, relative to the lesion to be sampled, allows highly accurate 
placement of the needle. 

Milton E. Tobias 

Brenthurst Clinic 

Johannesburg 2000, South Africa 


MR Appearance of a Retained Surgical Sponge 


A 19-year-old man was referred to National Himeji Hospital for 
evaluation of a mass detected on a chest radiograph made during a 
routine examination. When he was 5 years old, he had had a 
pulmonary abscess resected at another hospital. Currently, the chest 
radiograph and a CT scan showed a mass adjacent to the left 
hemidiaphragm (Fig. 1A). MR images showed that the mass was 
separated from the stomach by the diaphragm, making a diaphrag- 
matic hernia unlikely. The mass was hypointense relative to the spleen 
and slightly more intense than muscle on T1- and T2-weighted 
images. An area of high intensity was present in the center of the 
lesion (Figs. 1B and 1C). Because of the patient’s previous thoracic 
surgery, the diagnosis was pulmonary granuloma. Thoracotomy 
showed a mass that was separate from both the lungs and the 
diaphragm. Pathologic examination showed that the mass was a 
surgical sponge encapsulated by an area of intense granulomatous 
inflammation. Extensive central necrosis was apparent. 

Surgical sponges retained after thoracotomy or laparotomy cause 
acute and chronic inflammatory reactions and extensive fibrosis. The 
CT, MR, and sonographic findings have been reported in several 
cases [1-4], but the diagnosis is usually difficult. In our case, the 
findings on MR correlated well with the findings on pathologic ex- 
amination. The area of reduced intensity in the periphery of the mass 
was caused by chronic inflammation, and the area of high intensity 
in the center was caused by necrosis. MR was useful for excluding 
diaphragmatic hernia as a possible diagnosis. 

Kazunari Ishii 

Kazunori Maeda 

National Himeji Hospital 

Hyogo, 670 Japan 

Michio Kono 

Kobe University, School of Medicine 
Kobe, 650 Japan 

and colleagues 
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Fig. 1.—Retained surgical 
sponge 14 years after thoracot- 
omy. 

A, Chest radiograph shows ex- 
trapleural mass adjacent to left 
hemidiaphragm. 

B and C, T1-weighted (500/25, 
B) and T2-weighted (200/90, C) 
MR images show that mass is 
above diaphragm. 
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Psychogenic Urinary Retention (Hinman Syndrome) 
in a Child 


An 11-year-old child with a history of urinary dribbling was exam- 
ined because of recurrent urinary tract infections, enuresis, and 
encopresis. The child had no history of spina bifida or myelomenin- 
gocele. Neurologic testing showed no bladder sphincter dyssynergia. 
Renal sonograms showed mild hydronephrosis. Voiding cystoure- 
thrograms showed a huge, trabeculated bladder with bilateral grade 
IV reflux without urethral valves or ectopic ureteral implantation (Fig 
1A). Cystourethroscopic findings were normal. Cranial and spinal MR 
images were normal. 

Several years later, renal sonograms showed progressive severe 
bilateral hydronephrosis (Fig. 1B). Psychologic evaluation revealed 
significant family stress. The mother had difficulties with gender 
identification that were manifested by cross-dressing and active 
pursuit of sex-changing surgery. The mixture of familial problems 
clearly precipitated the child’s voluntary urinary retention. 

Psychogenic urinary retention, or urinary retention without organic 
Cause (Hinman syndrome) was reported by Braasch and Thompson 
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in 1935 [1] as a clinical entity in adults. Later Baldwin and van 

Gelderen [2] described six cases in children that were associated 

with constipation. Hinman syndrome typically occurs in females; only 

a few cases in males have been reported [1, 2]. Chapman [3] 

described this behavior as self-punishment in response to a patient’s 

hostile feelings. Whatever the mechanism, it is important to recognize 

such possibilities in patients who have chronic bladder obstruction 
and obstructive renal atrophy without anatomic cause. 

Raymond K. Tu 

Kathleen A. Scanlan 

University of Wisconsin 

Madison, WI 53792 
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Initials and addresses of corresponding authors are provided in 
parentheses for each article so that the reader can obtain reprints 
directly. Abstracts are printed verbatim from each journal. 


The New England Journal of Medicine 


Abnormal coronary vasoconstriction as a predictor of restenosis 
after successful coronary angioplasty in patients with unstable 
angina pectoris. Ardissino D, Barberis P, De Servi Stefano, et al. 
(DA, Divisione di Cardiologia, Policlinico S. Matteo, 27100 Pavia, 
Italy). N Engl J Med 325(15):1053-1057, Oct. 1991 


Background. High rates of restenosis after coronary angioplasty 
have been reported in patients with vasospastic angina. This study 
was designed to determine whether the occurrence of abnormal 
coronary vasoconstriction, detected by means of hyperventilation 
testing before angioplasty, influences the risk of restenosis after 
successful dilation. 

Methods. Hyperventilation testing was performed 0 to 4 days 
before coronary angioplasty in 106 consecutive patients with unstable 
angina and single-vessel coronary artery disease. Abnormal coronary 
vasoconstriction was considered present if hyperventilation-induced 
myocardial ischemia occurred during the recovery phase of the test. 
All patients had follow-up angiography 8 to 12 months after angio- 
plasty. 

Results. Abnormal coronary vasoconstriction was observed in 48 
patients (group 1), whereas 58 patients (group 2) had either a negative 
response throughout the test or a positive response only during the 
overbreathing phase of the hyperventilation test. Angioplasty was 
successful in 40 patients in group 1 and 51 in group 2. Restenosis 
was documented in 29 patients (73 percent) in group 1 and 13 (25 
percent) in group 2 (relative risk of restenosis, 2.84; 95 percent 
confidence interval, 1.69 to 4.28; P < 0.001). In a multivariate analysis, 
the following three characteristics were independently related to the 
risk of restenosis (in descending order of importance): ST-segment 
elevation during spontaneous ischemic attacks (P < 0.001), hyper- 
ventilation-induced abnormal coronary vasoconstriction (P < 0.001), 
and the presence of a lesion more than 10 mm long in the left anterior 
descending coronary artery (P < 0.05). 

Conclusions. In patients with unstable angina and single-vessel 
coronary artery disease who have been selected for coronary angio- 
plasty, the presence of hyperventilation-induced abnormal coronary 
vasoconstriction identifies a subgroup at high risk for restenosis. 


Petrosal sinus sampling with and without corticotropin-releasing 
hormone for the differential diagnosis of Cushing’s syndrome. 
Oldfield EH, Doppman JL, Nieman LK, et al. (EHO, Bldg. 10, Rm. 
5D37, National Institutes of Health, Bethesda, MD 20892). N Engl J 
Med 325(13):897-905, Sept. 1991 


Background. Measurement of adrenocorticotropin levels in plasma 
from the inferior petrosal sinuses of patients with Cushing’s syndrome 
can distinguish adrenocorticotropin-secreting pituitary tumors (Cush- 
ing’s disease) from other causes of the syndrome, principally ectopic 
adrenocorticotropin secretion from an occult tumor. However, it is 
unknown whether such measurement consistently identifies patients 
with Cushing’s disease and whether testing with corticotropin-releas- 
ing hormone (CRH) enhances the value of the procedure. 

Methods. We prospectively studied 281 patients with Cushing's 
syndrome to evaluate the diagnostic efficacy of the procedure. Bilat- 
eral sampling was successfully accomplished in 278 patients, with 
no major morbidity; 262 of these patients underwent sampling before 
and after administration of ovine CRH. The adrenocorticotropin levels 
in the samples were used to calculate the ratio of the concentration 
in plasma from the inferior petrosal sinuses to the concentration in 
peripheral-blood plasma (the IPS:P ratio). 

Results. The diagnosis of 246 patients was confirmed surgically as 
Cushing’s disease in 215, as ectopic adrenocorticotropin syndrome 
in 20, and as primary adrenal disease in 11. An IPS:P ratio = 2.0 in 
basal samples identified 205 of the 215 patients with Cushing's 
disease (sensitivity, 95 percent), with no false positive results (spec- 
ificity, 100 percent). A peak IPS:P ratio > 3.0 after CRH administration 
identified all 203 of the patients with Cushing's disease who received 
CRH (sensitivity, 100 percent), with no false positive results (specific- 
ity, 100 percent). The sensitivity was much lower when the adreno- 
corticotropin concentrations in the samples from one sinus were 
considered alone. In patients with Cushing’s disease a difference of 
=1.4-fold between the concentrations in the two sinuses (the adreno- 
corticotropin gradient) predicted the location of the microadenoma in 
68 percent of 104 patients during basal sampling and in 71 percent 
of 105 patients after CRH administration. 

Conclusions. Simultaneous bilateral sampling of plasma from the 
inferior petrosal sinuses, with the adjunctive use of CRH, distin- 
guishes patients with Cushing's disease from those with ectopic 
adrenocorticotropin secretion with high diagnostic accuracy. 


A controlled trial of corticosteroid injections into facet joints for 
chronic low back pain. Carette S, Marcoux S, Truchon R, et al. (SC, 
Centre Hospitalier de l’Université Laval, 2705 Blvd. Laurier, Sainte- 
Foy, PQ G1V 4G2, Canada). N Engl J Med 325:1002-1007, Oct. 
1991 


Background. Chronic low back pain is a common problem with 
many treatments, few of which have been rigorously evaluated. This 
randomized, placebo controlled trial was designed to evaluate the 
efficacy of injections of corticosteroid into facet joints to treat chronic 
low back pain. 

Methods. Patients with chronic low back pain who reported im- 
mediate relief of their pain after injections of local anesthetic into the 
facet joints between the fourth and fifth lumbar vertebrae and the 
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fifth lumbar and first sacral vertebrae were randomly assigned to 
receive under fluoroscopic guidance injections of either methylpred- 
nisolone acetate (20 mg; n = 49) or isotonic saline (n = 48) in the 
same facet joints. Ninety-five patients were followed for six months 
and their condition assessed with scales of pain severity, back 
mobility, and limitation of function. 

Results. After one month, none of the outcome measures evalu- 
ating pain, functional status, and back flexion differed clinically or 
Statistically between the two study groups. Forty-two percent of the 
patients who received methylprednisolone and 33 percent of those 
who received placebo reported marked or very marked improvement 
(95 percent confidence interval for the difference, —11 to 28 percent- 
age points; P = 0.53). The results were similar after three months. 
At the six-month evaluation, the patients treated with methylpred- 
nisolone reported more improvement, less pain on the visual-analogue 
scale, and less physical disability. The differences were reduced, 
however, when concurrent interventions were taken into account. 
Moreover, only 11 patients (22 percent) in the methylprednisolone 
group and 5 (10 percent) in the placebo group had sustained improve- 
ment from the first month to the sixth month (95 percent confidence 
interval for the difference, —2 to 26; P = 0.19). 

Conclusions. We conclude that injecting methylprednisolone ace- 
tate into the facet joints is of little value in the treatment of patients 
with chronic low back pain. 


Digestive Diseases and Sciences 


Percutaneous transhepatic manometry of sphincter of Oddi. Akita 
Y, Nimura Y, Yasui A (YA, Dept. of Surgery, Yachiyo Hospital, 1-10- 
13 Toueicho, Anjo City 446, Japan). Dig Dis Sci 36(10):1410-1416, 
Oct. 1991 


A nonoperative examination of the function of the sphincter of 
Oddi, involving percutaneous transhepatic manometry via the percu- 
taneous transhepatic biliary drainage tract, was developed and clini- 
cally applied in 23 patients with biliary disease. Long-term recording 
of sphincter of Oddi motility, which was impossible using conventional 
intraoperative or endoscopic manometry, was made possible by 
means of this method and revealed various changes of sphincter of 
Oddi motility. The mean recording time was 131.33 + 9.77 min. The 
frequency of contractions of the sphincter of Oddi in basal fasting 
conditions varied from 0 to 13/min and high-frequency contractions 
(frequency 9.49 + 0.35/min, duration 5.77 + 0.54 min) were observed 
in 12 patients on a total of 19 occasions. In five patients, high- 
frequency contractions were observed twice during one session of 
continuous recording and the interval between burst contractions 
was 85.4 + 13.3 min. Long-term continuous recording is advanta- 
geous for the evaluation of the function of the sphincter of Oddi and 
short-term manometry may not be representative of overall sphincter 
of Oddi motility. 


Gastrointestinal Endoscopy 


Pancreatic ductal stones: frequency of successful endoscopic 
removal and improvement in symptoms. Sherman S, Lehman GA, 
Hawes RH, et al. (SS, Gastroenterology, UCLA School of Medicine, 
10833 Le Conte Ave. 44-138 CHS, Los Angeles, CA 90024-1684). 
Gastrointest Endosc 37(5):511-517, 1991 


Pancreatic ductal stones may be responsible for attacks of acute 
pancreatitis (chronic relapsing pancreatitis) or exacerbations of 
chronic pain in patients with chronic pancreatitis. This study was 
undertaken to identify those patients with predominantly main pan- 
creatic duct stones most amenable to endoscopic removal and to 
determine the effects on the patients’ clinical course with such 
removal. Thirty-two patients with ductographic evidence of chronic 
pancreatitis and pancreatic duct stones underwent attempted endo- 
scopic removal. Of the patients, 71.9% had complete or partial stone 
removal and 67.7% improved after endoscopic therapy. Symptomatic 
improvement was most evident in the group of patients with chronic 
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relapsing pancreatitis. Factors favoring stone removal included (1) 
three or less stones, (2) stones confined to the head and/or body of 
the pancreas, (3) absence of a downstream stricture, (4) stone 
diameter <10 mm, and (5) absence of impacted stones. After suc- 
cessful stone removal, 25% of patients had regression of the ducto- 
graphic changes of chronic pancreatitis and 41.7% had a decrease 
in the main pancreatic duct diameter. The only complication from 
therapy was mild pancreatitis in 8.2%. These data suggest that 
removal of pancreatic duct stones may result in symptomatic improve- 
ment. A longer follow-up will be necessary to determine whether 
endoscopic success results in long-standing clinical improvement 
and/or permanent regression of the morphologic changes of chronic 
pancreatitis. 


Clinical Orthopaedics and Related Research 


Surface osteosarcoma. Raymond AK (AKR, Dept. of Pathology, M. 
D. Anderson Cancer Center, Box 1515 Holcombe Bivd., Houston, 
TX 77030). Clin Orthop 270:140-148, Sept. 1991 


Osteosarcoma arising on the periosteal aspect of bone comprises 
a biologically heterogeneous group of neoplasms. The group as a 
whole may be referred to by a single descriptive term that emphasizes 
their common site of origin and underscores their malignant osteo- 
genic potential: surface osteosarcoma. Its biologic heterogeneity may 
be approached via a number of avenues. Detailed description of 
individual tumors and grading are frequently employed. However, 
implementation of a classification system based upon reproducible 
clinical, roentgenographic, macroscopic, and histologic parameters is 
advantageous. The suggested classification system serves to clearly 
define parosteal and periosteal osteosarcoma, as well as recognize 
unusual variants. Most important, it defines therapeutic strategy. The 
classification system identifies low-grade, biologically indolent forms 
(i.e., parosteal osteosarcoma and periosteal osteosarcoma) that are 
best treated by surgery alone. At the same time, it recognizes high- 
grade forms with significant potential for life-threatening behavior (i.e. 
‘dedifferentiated’ parosteal osteosarcoma and high-grade surface 
osteosarcoma) that are best managed by multimodality therapy in- 
corporating chemotherapy and surgery. 


Osteoporosis and bone density measurement methods. Ostlere 
SJ, Gold RH (RHG, Dept. of Radiological Sciences, UCLA Medical 
Center, Center for the Health Sciences, 10833 Le Conte Ave., Los 
Angeles, CA 90024). Clin Orthop 271:149-163, Oct. 1991 


Recent technologic advances in bone mineral densitometry have 
resulted in increasingly precise and accurate methods of estimating 
bone mineral density. Dual-photon absorptiometry has been made 
obsolete by the introduction of dual-energy radiography, a develop- 
ment that is likely to result in more widespread use of densitometry. 
The technique allows a reproducible, low dose examination of the 
spine, hip, and total body. Although capable of selectively measuring 
trabecular bone, quantitative Computed tomography is currently 
limited to the spine, and the reliability of the technique varies from 
center to center. Single-photon absorptiometry and ultrasound ex- 
perimental methods are of limited value because only peripheral 
skeletal sites can be examined by these techniques. Although inval- 
uable in epidemiologic research and in limited clinical situations, the 
role of densitometry in the management and prevention of involutional 
osteoporosis has not been established. The evidence indicates that 
densitometry is unlikely to be effective as a selective screening 
procedure. Long-term prospective studies are needed to clarify the 
role of densitometry in osteoporosis management. 


The Journal of Urology 


Fine needle cytodiagnosis of renal tuberculosis. Baniel J, Manning 
A, Leiman G (JB, Dept. of Urology, Beilinson Medical Center, Petach 
Tikva 49100, Israel). J Urol 146:689-691, Sept. 1991 
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A total of 8 patients in whom renal tuberculosis was suspected on 
clinical or radiological grounds but in whom confirmation could not 
be achieved by urine culture underwent renal fine needle aspiration. 
Immediate cytodiagnosis was accomplished in 7 of 8 patients by the 
finding of Langhans’ giant histiocytes, epithelioid histiocytes and 
necrotic debris. Later confirmation was obtained in all 8 cases by 
radiometric culture of aspiration material or saline rinses of the fine 
needles. This experience introduces fine needle aspiration cytology 
as a diagnostic modality in renal tuberculosis. 


The Journal of Pediatrics 


Usefulness of scanning procedures for diagnosis of fever of 
unknown origin in children. Steele RW, Jones SM, Lowe BA, Glasier 
CM (RWS, Children’s Hospital, New Orleans, 200 Henry Clay Ave., 
New Orleans, LA 70118). J Pediatr 119:526-530, 1991 


During a 5-year study period, 109 patients were referred to a large 
children’s hospital for evaluation of prolonged fever of unknown origin, 
defined as temperature =>38°C (100.4°F) for 3 weeks or longer and 
negative findings on initial examination. A two-phase protocol of 
outpatient followed by inpatient diagnostic studies was instituted for 
most patients. Confirmed diagnoses were achieved in just 36 of these 
children (33%) in the following disease categories: infectious, 24 
(22%); autoimmune, 7 (6%); and neoplastic, 2 (2%). Scanning or 
special procedures and the number with positive results (in parenthe- 
ses) were as follows: abdominal ultrasonography, 43 (8); abdominal 
computed tomography, 14 (3); indium scan, 11 (5); gallium scanning, 
4 (1); upper gastrointestinal tract series, 13 (2); technetium bone 
scanning, 15 (2); bone marrow examination, 16 (1); and cranial 
computed tomography, 7 (0). These studies rarely led to an unsus- 
pected diagnosis. It appears most appropriate in evaluating fever of 
unknown origin in children to obtain only basic laboratory studies 
such as a complete blood cell count, urinalysis and culture, chest 
radiograph, tuberculin skin test, and, in the older child, an antinuclear 
antibody titer. When these tests results are negative, almost all 
children can be observed clinically for progression of illness or a focus 
that might then direct specific diagnostic procedures. 


Journal of Thoracic Imaging 


image-guided catheter drainage of the infected pleural space. 
Ulmer JL, Choplin RH, Reed JC (JLU, Dept. of Radiology, Bowman 
Gray School of Medicine, 300 S. Hawthorne Rd., Winston-Salem, NC 
27103). J Thorac Imaging 6(4):65-73, 1991 


Thoracic empyema occurs at all ages and has reported mortality 
rates of 10% to 75%. Most authors agree that complete drainage of 
complicated effusions or organized empyemas and reexpansion of 
atelectatic lung are important in obtaining a satisfactory clinical out- 
come. For initial tube drainage, a 26-F to 36-F chest tube traditionally 
has been inserted at the bedside. The results of this method of 
empyema evacuation have varied widely, with an overall cure rate 
reported to be 47%. Image-guided placement of smaller 8-F to 14-F 
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catheters has been offered as an alternative therapy with an overall 
reported cure rate of 81% in 104 patients. 


Journal of Computer Assisted Tomography 


CT findings after uncomplicated percutaneous laparoscopic cho- 
lecystectomy. McAllister JD, D’Altorio RA, Snyder A (RAD, Dept. of 
Radiology, St. Francis Medical Center, 45th St. and Penn Ave., 
Pittsburgh, PA 15201). J Comput Assist Tomogr 15(5):770-772, 1991 


To investigate the postoperative pulmonary and abdominal findings 
following uncomplicated percutaneous laparoscopic cholecystec- 
tomy, 27 patients were studied by upper abdominal CT within 24 h 
of the surgical procedure. Both pneumoperitoneum (70%) and sub- 
cutaneous emphysema (56%) were commonly observed. Postoper- 
ative atelectasis and pleural effusions were observed in 44 and 33% 
of the patients, respectively. Forty-eight percent of the patients had 
a postoperative ileus demonstrated by CT. Approximately 22% of 
the patients had fluid in the abdomen as either edema in the gallblad- 
der fossa or small amounts of ascites. In our patients the amount of 
ascitic fluid was small and no clinical significance could be attributed 
to the intraabdominal fluid collections. 


Magnetic Resonance Imaging 


Magnetization prepared rapid gradient-echo (MP-RAGE) MR im- 
aging of the liver: comparison with spin-echo imaging. De Lange 
EE, Mugler JP Ill, Bertolina JA, Gay SB, Janus CL, Brookeman JR 
(EEDL, Dept. of Radiology, Box 170, University of Virginia Health 
Sciences Center, Charlottesville, VA 22908). Magn Reson Imaging 
9:469-476, 1991 


We have implemented an MR technique that employs a rapid 
gradient echo sequence, preceded by magnetization preparation 
pulses to provide 7;- and 7>2-weighted tissue contrast. With this 
technique, which can be identified as a member of a new family of 
pulse sequences, generically named Magnetization Prepared RApid 
Gradient Echo (MP-RAGE), very short repetition times are used, 
allowing acquisition times of less than one second and images virtually 
free of motion-induced artifacts during quiet respiration. Fifteen pa- 
tients with known liver lesions (metastases, hemangiomas, and cysts) 
were examined using T,- and T2-weighted 2-dimensional MP-RAGE 
sequences, and the images were compared with conventional T4- 
and multi-echo T2-weighted spin-echo (SE) sequences. Signal differ- 
ence-to-noise ratios (SD/Ns) of the lesions were calculated for all 
pulse sequences using corresponding axial images and were nor- 
malized for voxel volume. The mean normalized SD/Ns of the MP- 
RAGE sequences were generally comparable to those for the SE 
sequences. In addition, there were no noticeable respiratory artifacts 
on the MP-RAGE images whereas these were clearly present on the 
T2-weighted SE images and to a lesser degree on the 7,-weighted 
SE images. It is concluded that the MP-RAGE technique could 
become an important method for evaluating the liver for focal disease. 


Big Sky Radiology Conference 


The Dept. of Radiology, University of Wisconsin-Madison, School 
of Medicine, is sponsoring the 16th annual Big Sky Radiology Con- 
ference, Feb. 2-6, at the Huntley Lodge, Big Sky, MT. Topics to be 
covered include MR imaging of the spine and head, sonography, and 
body imaging. Course director: Virgil B. Graves. Guest faculty: D. R. 
Enzmann, B. B. Gosink, P. R. Ros, and W. R. K. Smoker. Category 
1 credit: 16 hr. Fee: physicians, $400; residents, $200 (letter required). 
Information: Sandy Yost or Virgil B. Graves, M.D., Dept. of Radiology, 
Clinical Science Center, University of Wisconsin, 600 Highland Ave., 
Madison, WI 53792; (608) 263-9179. 


Conference on Prostate Cancer 


The American Cancer Society National Conference on Prostate 
Cancer will be held in San Francisco Feb. 13-15. Topics will include 
detection and diagnosis, evaluation and staging, treatment, and qual- 
ity of life. Category 1 credit will be offered. Fee: physicians, $250; all 
other health professionals except students, interns, residents, and 
American Cancer Society Fellows or Career Development Awardees, 
$150. Information: Andy Cannon, Manager, Continuing Medical Ed- 
ucation, American Cancer Society, 1599 Clifton Rd. N.E., Atlanta, GA 
30329; telephone: (404) 329-7604; fax: (404) 636-5567. 


San Diego Symposium on Vascular Diagnosis 


The Vascular Disease Foundation, San Diego, is sponsoring the 
6th annual San Diego Symposium on Vascular Diagnosis, Feb. 15- 
21, at the Sheraton Harbor Island Hotel, San Diego. Registration fee: 
physicians, $850; technologists, $650; fee for basic tutorials, $100 
each tutorial. Information: Vascular Diagnosis Symposium, Meeting 
Management, 5665 Oberlin Dr., #110, San Diego, CA 92121; (619) 
453-6222. 


Mammography Technologist Review Course 


The Annual Pittsburgh Breast Imaging Seminar will present the 
2nd Mammography Technologist Review Course, Feb. 22, at the 
Westin William Penn Hotel, Pittsburgh. Course codirectors: Kathleen 
M. Harris, Ellen B. Mendelson, Ingrid E. Naugle, and William R. Poller. 
Fee: $175. Information: (412) 578-6926. 
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AFIP 1993-1994 Distinguished Scientist 


The Dept. of Radiologic Pathology, the Armed Forces Institute of 
Pathology, is now accepting applications for the position of Distin- 
guished Scientist for the 1993-1994 academic year. Applicants must 
be established academicians in one of the fields of diagnostic radiol- 
ogy and should have achieved a high level of recognition for their 
research or educational efforts. The deadline for applications in Feb. 
28, 1992. To apply, send a letter and a current curriculum vitae to 
James L. Buck, CDR, MC, USNR, Dept. of Radiologic Pathology, 
Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(202) 576-2973 or 576-2162. 


Masters Diagnostic Radiology Conference 


The Section of Radiology, John A. Burns School of Medicine, 
University of Hawaii at Manoa, will present the 11th annual Masters 
Diagnostic Radiology Conference, March 1-6, at the Hyatt Regency 
Hotel, Poipu Beach, Kauai, HI. The program will feature lectures and 
discussions on chest, skeletal, and abdominal radiology; CT; MR 
imaging; sonography; and mammography. New concepts and tech- 
niques will be emphasized. Program chairman: Maurice M. Reeder. 
Category 1 credit: 22 hr. Fee: physicians, $590; residents and fellows, 
$450. Information: M. M. Reeder, M.D., Chairman, Dept. of Radiology, 
University of Hawaii School of Medicine, 1356 Lusitana St., Rm. 511, 
Honolulu, HI 96813; (808) 487-0041. 


Tribute to Lasser and Amberg 


The faculty of the Dept. of Radiology, University of California, San 
Diego, School of Medicine, will hold a tribute dinner March 7, 1992, 
in honor of the retirement of Elliott C. Lasser and John R. Amberg. 
The dinner will be at the Sheraton Grande Torrey Pines Hotel, La 
Jolla, CA. Friends and colleagues are invited to attend. An Amberg- 
Lasser Radiology Research Fund has been created in honor of Drs. 
Amberg and Lasser. Donations can be made to the San Diego 
Radiology Education and Research Foundation, 225 Dickinson St., 
San Diego, CA 92103. For information about the dinner, telephone 
Diane Forsythe (619) 543-6633. 


Joint American-European Course in Davos, 
Switzerland 


The European Association of Radiology and the Johns Hopkins 
Radiological Alumni Association are sponsoring the Joint American- 
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European Course in Davos, Switzerland, March 29-April 3. The topic 
this year is the abdomen. The anatomic and physiologic basis for 
radiologic-pathologic correlation and the diagnostic approach to spe- 
cific disorders of the abdomen, pelvis, and retroperitoneum will be 
considered. Both classic and newer diagnostic imaging and interven- 
tional techniques will be stressed, mostly in small group seminars. 
Category 1 credit: 40 hr. Fee: radiologists, $500; residents, $400. 
Information: B. G. Brogdon, M.D., Dept. of Radiology, University of 
South Alabama Medical Center, 2451 Fillingim St., Mobile, AL 36617; 
telephone: (205) 471-7868; fax: (205) 471-7882. 


Wisconsin CT Conference 


The Dept. of Radiology and Continuing Medical Education, Univer- 
sity of Wisconsin-Madison, School of Medicine, and University of 
Wisconsin-Extension are sponsoring the 6th annual University of 
Wisconsin CT Conference, April 3-4, at the Edgewater Hotel, Madi- 
son. Category 1 credit: approximately 9 hr. Information: Sarah Aslak- 
son, Continuing Medical Education, 2715 Marshall Ct., Madison, WI 
53705; (608) 263-2856. 


Advanced Mammographic Techniques and 
Interpretation 


The University of Virginia will present Advanced Mammographic 
Techniques and Interpretation, April 6-9, 1992, at the Southampton 
Princess Hotel, Southampton, Bermuda. Course director: Ellen S. 
deParedes. Category 1 credit: 20 hr. Fee: physicians, $475; technol- 
ogists, $350. Information: R. L. Boswell, Program Coordinator, Dept. 
of Radiology, Box 170, University of Virginia Health Sciences Center, 
Charlottesville, VA 22908; telephone: (804) 924-9387; fax: (804) 982- 
1618. 


Radiation Oncology Clinical Research Seminar 


The Dept. of Radiation Oncology and the Division of Continuing 
Education, University of Florida, and the American Cancer Society, 
Florida Division, Inc., are sponsoring the 22nd annual University of 
Florida Radiation Oncology Clinical Research Seminar, April 23-25, 
at the University Centre Hotel, Gainesville, FL. Lecture topics will 
include an overview of treatment with 5-fluorouracil, mitomycin C, 
and radiation therapy in gastrointestinal cancer, radiation therapy in 
anal carcinoma, selection of patients for head and neck radiation 
therapy, and adjuvant therapy for rectal cancer. Cancers in infants 
and children, Hodgkin disease, ependymoma, soft-tissue sarcomas, 
and breast cancer will be considered also. The seminar will have 1 
day of case presentations and 2 days of clinical research papers. 
Visiting professor: B. J. Cummings. A concurrent meeting of radiation 
therapists (technologists) will be held April 24-25. Fee: radiation 
oncologists, $250; residents, $125. Information: Michael D. Sombeck, 
M.D., 1992 Seminar Coordinator, Dept. of Radiation Oncology, Uni- 
versity of Florida Health Science Center, P. O. Box 100385, Gaines- 
ville, FL 32610-0385; (904) 395-0287. 


Present Concepts in Radiology 


The Dept. of Radiology, Letterman Army Medical Center, Presidio 
of San Francisco, will present the seminar Present Concepts in 
Radiology, April 28-May 1. The course will cover a broad range of 
topics in diagnostic radiology and will include discussions on thoracic 
and musculoskeletal imaging, gastrointestinal and genitourinary ra- 
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diology, mammography, sonography, neuroradiology, and interven- 
tional procedures. Course codirectors: R. Hagen and S. Weaver. 
Guest faculty: A. Barkovich, G. Gamsu, A. Gean-Martin, P. Goodman, 
H. Goldberg, R. Goldstein, C. Helms, H. Hricak, A. Margulis, J. 
Sherman, E. Sickles, R. Sollitto, and A. Venbrux. Category 1 credit: 
16 hr. Fee: civilians, $195; military personnel, fellows, and residents, 
$25. Information: Col. R. Hagen, M.D., or Maj. S. Weaver, M.D., 
Dept. of Radiology, Letterman Army Medical Center, Presidio of San 
Francisco, CA 94129; (415) 561-3761 or 561-3764. 


Practical Interventional Radiology— 1992 


The Dept. of Radiology, Massachusetts General Hospital, and 
Harvard Medical School are sponsoring Practical Interventional Ra- 
diology—1992, May 4-6, at the Cambridge Marriott Hotel, Cam- 
bridge, MA. Topics to be covered include biliary techniques, treatment 
of abscesses, breast and chest biopsy, urinary obstruction and stone 
management, infertility, angioplasty, recanalization, caval filters, and 
noninvasive vascular diagnosis. The course will emphasize funda- 
mental rather than esoteric techniques and will concentrate on topics 
likely to be seen in daily clinical practice. Special lectures will be given 
on medicolegal aspects of interventions, anesthesia and sedation, 
and contrast materials and reactions. Course codirectors: Peter 
Mueller, Steven Dawson, Arthur Waltman, and Nicholas Papanico- 
laou. Category 1 credit: 21 hr. Fee: $510. Information: Harvard MED- 
CME, P. O. Box 825, Boston, MA 02117; (617) 432-1525. 


Radiology Review Course 


The University of Miami School of Medicine will present its annual 
Radiology Review Course, May 10-15, at the Doral Beach Resort, 
Miami Beach, FL. Category 1 credit: 47 hr. Information: Carol La- 
marre, Seminar Coordinator, Dept. of Radiology, University of Miami 
School of Medicine, P. O. Box 016960 (R-109), Miami, FL 33101; 
telephone: (305) 585-6894; fax: (305) 325-8591. 


Canadian Association of Medical Radiation 
Technologists 50th Anniversary Conference 


The Canadian Association of Medical Radiation Technologists will 
hold its 50th Anniversary Conference, June 7-12, in Ottawa, Ontario. 
The educational program will include information on clinical instruc- 
tion, management, radiography, and radiation therapy and nuclear 
medicine. Conference chairman: Ron P. Wallace. Information: Mr. 
Ron P. Wallace, 1992 C. A. M. R. T. Conference Chairman, Ottawa 
Regional Cancer Centre, 190 Melrose Ave., Ottawa, Ontario, Canada 
K1Y 4K7; telephone: (613) 725-6206; fax: (613) 725-6320. 


Concepts of Magnetic Resonance 


The Depts. of Radiology, Duke University and Stanford University 
Medical Centers, will present Concepts of Magnetic Resonance, June 
20-26, at Kiawah Island, SC. The course is intended for physicians, 
physicists, engineers, and technologists who are seeking a funda- 
mental understanding of the technology of MR. The course begins 
with the basic principles of MR and continues with descriptions of 
high-speed imaging techniques, cardiac imaging, and spectroscopy. 
Particular attention will be given to descriptions of the physical basis 
of MR and the mechanisms by which it is exploited. The deadline for 
registration is May 1. Information: G. Allan Johnson, Ph.D., Course 
Coordinator, or Elaine Fitzsimons, M.S., Educational Coordinator, 
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Dept. of Radiology, Box 3302, Duke University Medical Center, 
Durham, NC 27710; (919) 660-2711, ext. 4354 (Dr. Johnson) or 4358 
(Ms. Fitzsimons). 


Pitt Summer Imaging Course 


The Dept. of Radiology, University of Pittsburgh, will present Pitt 
Summer Imaging Course, June 21-25, at Colonial Williamsburg, 
Williamsburg, VA. Body imaging and interventional radiology of the 
neck, chest, and abdomen will be discussed. Category 1 credit: 26 
hr. Fee: physicians, $575; residents and fellows, $300. Information: 
Pitt Summer Imaging Course, % Barbara McLeod, Meeting Manager, 
Matrix Meetings, Inc., P. O. Box 1026, Rochester, MN 55903-1026; 
(507) 288-5620. 


Congress of Asian Federation of Societies for 
Ultrasound in Medicine and Biology 


The Asian Federation of Societies for Ultrasound in Medicine and 
Biology (AFSUMB) will present its 3rd congress, AFSUMB ‘92, Aug. 
30-Sept. 3, at the Seoul Hilton International, Seoul, Korea. The 
congress will cover all fields of diagnostic and therapeutic ultrasound, 
with special emphasis on endosonography, color Doppler imaging, 
and interventional ultrasound. Special lectures will be given by G. R. 
Leopold and B. B. Goldberg. English will be the official language of 
the congress. Chairman: Chu-Wan Kim; secretary-general, Byung Ihn 
Choi. Fee (before May 1): participants, $350; accompanying persons, 
$150; trainees (letter required) and exhibitors, $250. Information: Dr. 
Byung Ihn Choi, Dept. of Diagnostic Radiology, Seoul National Uni- 
versity Hospital, 28 Yongon-Dong, Chongno-Gu, Seoul 110-744, 
Korea; telephone: (822) 766-0930; fax: (822) 766-0950. 


Ultrasound Angiography 92 


The 2nd international conference, Ultrasound Angiography 92, will 
be held at the Medical and Biological Sciences Bldg., University of 
Southampton, United Kingdom, Sept. 2-4. The conferences are 
designed to provide an international forum for the presentation and 
discussion of the latest clinical and technical developments in ultra- 
sound arteriography and venography and to provide training in these 
techniques and guidance in the establishment of vascular ultrasound 
diagnostic services. Information: Conference Secretariat, Ultrasound 
Angiography 92, P. O. Box 15, Eastleigh, Hampshire SO5 5XG, 
United Kingdom; telephone: 0703 260003; fax: 0703 261090. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 1-2, 1992, and Oct. 14-15, 1993. Oral 
examinations will be held at the Executive West Hotel in Louisville, 
KY, June 1-5, 1992. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Executive 
Director, The American Board of Radiology, 2301 W. Big Beaver Rd., 
Ste. 625, Troy, MI 48084. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 
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Preceptorships in Ultrasound at Johns Hopkins, times arranged, 
Baltimore (June 1991) 

Practicum in Breast Imaging, times arranged, Baltimore (Aug 1991) 
Midwinter Radiological Conference, Jan 31-Feb. 2, Los Angeles 
(Dec 1991) 

Practical Aspects of Diagnostic Radiology and Medical Imaging, 
Feb. 1-7, Snowmass Village, CO (Nov 1991) 

MRI Visiting Fellowships at UCLA, Feb. 3-7, March 9-13, April 6- 
10, Sept. 14-18, Oct. 5-9, and Dec. 7-11, Los Angeles (Sept 1991) 
MRI: Present and Future, Feb. 3-7, Naples, FL (Nov 1991) 
Advanced Seminars in Diagnostic Imaging, Feb. 4-7, San Diego 
and Feb. 27—March 1, Laguna Niguel, CA (Nov 1991) 

Mid-Pacific Radiological Conference, Feb. 4-8, Waikoloa, HI (Dec 
1991) 

Intermountain Imaging Conference, Feb. 8-15, Steamboat Springs, 
CO (Nov 1991) 

Mammographically Detected Early Breast Cancer, Feb. 10-13, 
Rancho Mirage, CA (Nov 1991) 

Current Topics in Diagnostic Imaging, Feb. 10-14, Cerromar 
Beach, Puerto Rico (Dec 1991) 

Computed Body Tomography 1992: The Cutting Edge, Feb. 13- 
16, Orlando, FL (Nov 1991) 

Society of Gastrointestinal Radiologists Annual Meeting, Feb. 16- 
21, Orlando, FL (Oct 1991) 

Advanced Clinical Magnetic Resonance Imaging, Feb. 17-21, 
Hawaii (Oct 1991) 

MR Angiography and Imaging of the Head, Spine, and Musculo- 
skeletal System, Feb. 17-21, Tucson (Oct 1991) 

MRI Update: 1992, Feb. 17-22, Maui, HI (Nov 1991) 

Sun Valley Imaging Meeting, Feb. 23-29, Sun Valley, ID (Oct 1991) 
Updates on Diagnostic Imaging, Feb. 24-28, Mauna Lani, HI (Nov 
1991) 

AFIP Neuroradiology Review Course, Feb. 29-March 1, Bethesda 
(Oct 1991) 

Musculoskeletal Imaging, March 2-6, St. Thomas, Virgin Islands 
(Nov 1991) 

Magnetic Resonance Imaging, March 2-6, San Diego (Dec 1991) 
AFIP Neuropathology Review Course, March 2-6, Bethesda (Jan) 
Principles and Practice of Clinical MRI, March 5-8, Orlando, FL 
(Nov 1991) 

Society of Computed Body Tomography and Magnetic Resonance 
Annual Course, March 9-13, Tucson (Jan) 

PET and SPECT Imaging of Living Brain Chemistry in Health and 
Disease, March 11-13, Baltimore (Dec 1991) 

Advances in Diagnostic Radiology, March 15-19, Sea Island, GA 
(Dec 1991) 

Practical Pediatric Imaging, March 15-20, Park City, UT (Nov 1991) 
Radiology in Southeast Asia and China, March 18-April 7, Singa- 
pore, Bangkok, Hong Kong, Beijing, Shanghai, and Guilin (Nov 1991) 
Head and Neck Surgery and Imaging, March 22-25, Snowmass 
Village, CO (Dec 1991) 

MRI Workshop in Hawaii 1992, March 22-27, Wailea, Maui (Dec 
1991) 

International Symposium on Recent Advances in Diagnostic Im- 
aging and Radiation Oncology, March 24-27, Kathmandu, Nepal 
(June 1991) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, April 1-2, Washington, DC (Dec 1991) 

Pediatric Radiology 1992, April 2-4, Philadelphia (Jan) 

Electronic Portal Imaging, April 3-4, Newport Beach, CA (Jan) 
AFIP Uroradiology Weekend, April 4-5, Washington, DC (Dec 1991) 
General Radiology Review Course, April 5-10, Santa Monica, CA 
(Dec 1991) 

Resident’s Radiology Review Course, April 19-24, San Diego (Dec 
1991) 
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Interventional Radiology, April 25, San Diego (Dec 1991) 
Radiology in Scotland, April 26-May 3, Edinburgh and St. Andrews, 


Scotland (Jan) AJR carries announcements of courses, symposia, and 
Brachytherapy Symposium, May 1-2, Columbus, OH (Jan) meetings of interest to its readers if received a minimum of 5 
MRI: A State of the Art Clinical Review, May 4-8, San Francisco months before the event. There is no charge; receipt of items 
(Jan) by the AJR Editorial Office is not acknowledged. Submit items 
Advanced Seminars in Diagnostic Imaging, May 8-10, Laguna for publication typed double-spaced. Provide title, date, loca- 
Niguel, CA (Jan) tion, brief description, sponsor, course directors, fees, cate- 
International Symposium on Diagnostic Imaging, May 18-22, Bar- gory | credit, and address and telephone number for additional 
celona (Nov 1991) information. Faculty from the host institution will not be listed. 
Doppler and Duplex Imaging, May 21-24, San Diego (Jan) Guest faculty names will appear only if initials are provided. 
Vanderbilt Sonography Symposium, May 22-23, Nashville (Jan) Mail news items to AJR Editorial Office, 2223 Avenida de la 


Spoleto Festival Update, May 28-30, Charleston, SC (Jan) Playa, Suite 103, La Jolla, CA 92037-3218. 
Advances in Cardiopulmonary Imaging, June 11-13, Salzburg, 
Austria (Nov 1991) 

European Symposium on Uroradiology, Aug. 24-27, Herlev, Den- 
mark (Aug 1991) 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 


Officers 


President: John A. Kirkpatrick, Jr. 
President-elect: A. Everette James, Jr. 
1st Vice-president: Andrew K. Poznanski 
2nd Vice-president: George R. Leopold 
Secretary: Joseph T. Ferrucci, Jr. 
Treasurer: Beverly P. Wood 


Executive Council: R. N. Berk, M. P. Capp, W. J. Casarella, 
N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. E. James, 
Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., G. R. Leopold, J. 
E. Madewell, T. C. McLoud, A. A. Moss, A. K. Poznanski, R. 
J. Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, R. J. Alfidi, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, Melvin M. Figley, 
C. R. B. Merritt, K. Valji, C. A. Rohrmann, Jr., W. J. Casarella, 
chairman 

Education and Research: R. R. Hattery, C. B. Higgins, B. J. 
Hilman, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. K. Gedgaudas-McClees, A. A. Moss, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 


Nominating: R. G. Evens, P. J. Fritzsche, A. A. Moss, chair- 
man 

Publications: E. Buonocore, C. R. B. Merritt, C. A. Rohrmann, 
Jr., W. J. Casarella, chairman 


Membership: J. E. Madewell, T. C. McLoud, A. A. Moss, K. 
H. Vydareny, chairman 


Representatives to Other Organizations 
American Board of Radiology: W. J. Casarella, J. A. Kirk- 
patrick, Jr., L. F. Rogers 


American College of Radiology: R. A. Gagliardi, J. E. 
Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Com- 
mittee 


American National Standards Institute: M. E. Haskin 





National Council on Radiation Protection and Measure- 
ments: F. D. Miraldi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 10-15, 1992, Marriott's World Cen- 
ter, Orlando, FL; April 25-30, 1993, Marriott San Francisco, 
San Franciso, CA 


Annual Meeting Committee: J. K. Crowe, N. R. Dunnick, R. 
R. Lukin, N. H. Messinger, R. J. Stanley, R. D. Steele, Jr., A. 
M. Landry, Jr., chairman 


Instructional Courses: Bruce L. McClennan, associate chair- 
man; R. J. Stanley, chairman 


Scientific Program: P. H. Arger, T. B. Hunter, D. Kushner, T. 
C. McLoud, L. B. Talner, J. H. Thrall, A. E. James, Jr., 
chairman 


Scientific Exhibits: J. R. Haaga, D. S. Hartman, R. G. Ram- 
sey, N. R. Dunnick, chairman 


ARRS Membership 


An application form is printed in the January issue of the 
Journal. For consideration at the 1992 ARRS meeting, send 
completed forms before February 1, 1992, to American 
Roentgen Ray Society, 1891 Preston White Dr., Reston, VA 
22091. Active members are graduates of an approved medical 
or osteopathic school or hold an advanced degree in an allied 
science. They must practice radiology or work in an associ- 
ated science in the United States or Canada and be certified 
by the American Board of Radiology, American Osteopathic 
Board of Radiology, or Royal College of Physicians of Canada 
or otherwise adequately document training and credentials. 
International members are foreign radiologists or scientists 
who are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8992. 





Come to the 
American Roentgen Ray Society 


Q Dm 


ANNUAL MEETING 
Orlando, FL 


Marriott's Orlando World Center 
May 10-15, 1992 





Scientific Program (189 papers) 

60 Instructional Courses 
Categorical Course on Neuroradiology 
Symposium on Pediatric Radiology 
Symposium featuring a New Issues Forum 
The Caldwell Lecture 
Award Papers 
Scientific Exhibits 
Technical Exhibits 
Spouse/Guest Program on Osteoporosis 
Golf, Tennis and Social Programs 
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Join Your Colleagues at the 
92" Annual Meeting of the 
American Roentgen Ray 
Society 


Dear Colleagues: 


I am pleased to extend an invitation to all radiologists to attend the 92nd annual 
meeting of the American Roentgen Ray Society in Orlando, FL, May 10-15, 1992. In 
keeping with ARRS tradition, we have planned another outstanding scientific pro- 
gram in a superlative location. 





From the more than 500 abstracts received, 189 scientific papers will be presented in 
A. Everette James, Jr. 17 scientific sessions devoted to all major body systems, angiography, interventional 
techniques, sonography and mammography, as well as technologies. Special empha- 

sis has been placed on discussion of new developments. 


N. Reed Dunnick and his committee have chosen more than 300 scientific exhibits encompassing all aspects of diagnostic 
radiology. These exhibits will be available for viewing in the exhibit hall from early morning until late at night, and awards will! 
be presented for the best exhibits. Technical exhibits, encompassing medical book publishers, pharmaceutical manufacturers, 
medical software companies and other products of interest to the radiologic community will also be on display in the exhibit hall. 


One of the salient features of every ARRS meeting is the categorical course. This year’s topic is Neuroradiology, and moderator 
Michael Huckman has assembled an outstanding faculty to present the various aspects of this field. The categorical course will 
begin on Sunday, May 10, and will afford a total of 15.5 Category I CME credits. 


This year for the first time, two Friday symposia will be presented. The first, entitled “Stat and Urgent Problems in Pediatrics”, 
has been developed in conjunction with the Society for Pediatric Radiology and will be moderated by William H. McAlister. 
The second symposium is entitled “New Issues Forum” and features three “hot” topics of interest to the radiologic community. 


Robert J. Stanley and Bruce L. McClennan have put together 60 superlative instructional courses with an outstanding faculty 
from across the country. There will be four Resident/Master Tutorials, with registration restricted to residents only. Robert H. 
Ackerman, AFIP Distinguished Scientist, will present an instructional course on cerebral vascular disease. 


In 1920 the ARRS established the Caldwell Lecture, named after Eugene Caldwell, an early pioneer in roentgenology and 
president of the ARRS in 1908. I am pleased to announce that the 1992 Caldwell Lecture will be given by William J. Casarella. 
Dr. Casarella is a leader in the field of interventional radiology, and I am certain that his lecture will be a highlight of the 
meeting. 


Last year for the first time the Society presented a spouse/guest program featuring a medical topic. This program proved to be so 
popular that we have decided to continue the tradition. This year’s program will be entitled “Osteoporosis: Assessing the Risks.” 
Please tell your spouse or guest about this program and urge them to attend. Another innovation from last year that will be 
continued in 1992 is the Sunday night opening reception. Plan to attend again this year to meet and greet your colleagues. 


Last, but by no means least, Abner Landry and the Annual Meeting Committee with the assistance of Convention Planning 
Services, Inc., have put together an outstanding array of tours of the Orlando area, as well as our traditional golf and tennis 
tournaments. 


Marriott's Orlando World Center is a beautiful, modern facility located just minutes from Disney World and the many other 
attractions in the Orlando area. The weather promises to be sunny and warm, golf courses abound, and the Atlantic Ocean is 
within an hour’s drive. I think you will agree with me that this meeting promises to be outstanding in every way. | look forward 
to greeting all of you in sunny Florida. 


Sincerely, 


A. Everette James, Jr. 
President-Elect 
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Meeting Format 

The annual meeting opens officially on Monday, May 11. 
However, the scientific program begins on Sunday, May 10, 
with a full day of the categorical course. The categorical course 
continues on Monday through Thursday afternoons. Also on 
Monday through Thursday, refresher courses are offered in both 
the early morning and late afternoon. Seventeen scientific 
sessions are offered on these days, grouped in parallel sessions 
so that registrants may choose topics related to their interests. 
During the opening ceremonies on Monday morning, award- 
winning papers from the ARRS and sister societies will be 
presented. On Wednesday morning, a special ceremony will 
include the Caldwell Lecture and presentation of Gold Medal 
Awards for distinguished service to radiology. The meeting 
concludes on Friday morning with two symposia. Scientific and 
technical exhibits are open Monday through Thursday. Consult 
the calendar on the following page for exact times for all of these 
programs. 


Accreditation 

As an organization accredited for continuing education, the 
American College of Radiology has certified that this continu- 
ing medical education offering meets the criteria for Category I 
credit. CME credit is given on an hour-for-hour basis for 
attendance at the scientific programs, instructional courses, 
categorical course and symposia. A certificate will be included 
with the registration material which the attendee may have 
signed by an ARRS staff member to acknowledge attendance at 
the meeting. Each attendee is responsible for keeping track of 
his or her own CME credit hours. 


Meeting Registration 

Meeting registration forms are provided on page 479 of this 
issue and in the enclosed registration brochure. This form may 
be photocopied. Follow the instructions on page 480. Early 
registration is strongly suggested as enrollment in instructional 
courses is limited and course requests will be filled by date of 
receipt. Registrations will be accepted by mail or fax only until 
April 27. Following this date, all registration will take place on 
site. Fax registrations will be accepted only if accompanied by 
credit card information. No phone registrations will be ac- 
cepted. Registration confirmations will be mailed. 


Official badges, program book, course tickets and other meeting 
material may be picked up at the ARRS Registration Desk at the 
Marriott Orlando World Center beginning on Saturday, May 9, 
at 1:00 p.m. Consult calendar for exact dates and times registra- 
tion desk is open. 


Cancellation 
Meeting registration fees will be refunded if cancellation is 
received in writing by April 27. Mail cancellation requests to 


American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. 
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Hotel Registration 

The American Roentgen Ray Society has negotiated a special 
rate of $150 per night, single or double, with Marriott’s Orlando 
World Center. See page 481 of this issue and the enclosed 
registration brochure for room reservation forms. This form 
may be photocopied. Follow the instructions on the back of the 
form and mail it directly to the hotel. The deadline for receipt of 
hotel reservations is April 13. Reservations received after that 
date are subject to availability. Do not mail the hotel registration 
form with the meeting registration form. Mailing these forms 
together may result in a delay in processing. 


Transportation 

United Airlines is offering special airfares for travel to and from 
Orlando from May 7 through May 18, 1992. Fares range from 
a 5% discount from any United available/applicable fare 
(MaxSavers and first class included) to a 40% discount off 
standard coach fares. For travel to and from Canada, United will 
offer published Canadian meeting fares in selected markets. 
This discount can be as much as 35% off normal coach fares. No 
discounts are permitted from Mexico, the Bahamas or the 
Orient. To obtain these special fares, call United toll free at 1- 
800-521-4041 between the hours of 8:00 a.m. and 11:00 p.m. 
EST and refer to Meeting I.D. #519LT. 


Delta Airlines is offering special fares for travel to and from 
Orlando from May 6 through 19, 1992. These fares are based on 
Delta’s published round-trip fares within the United States and 
San Juan, Puerto Rico, and range from a 5% discount off any 
published fare with certain restrictions to a 40% discount off 
unrestricted coach fare. Special fares are also available from 
Delta’s Canadian cities and Delta Connection carriers. To take 
advantage of these discounts, call Delta toll free at 1-800-241- 
6760 between the hours of 8:00 a.m. and 11:00 p.m. EST, and 
refer to File No. M0045. 


Alamo Rent A Car has been appointed the official car rental 
company for the 1992 meeting. Special discounted rates will be 
extended to meeting attendees. These rates are available one 
week before and after the meeting dates and include UNLIM- 
ITED FREE MILES. To make reservations call Alamo at 1-800- 
732-3232 and request Group I.D. #247840 and Rate Code #GA. 


Fees 

ARRS member (all categories) 
Scientific Exhibitor 

Scientific Paper Presenter 
Technical Exhibitor 

Course Faculty 


No Fee 
No Fee 
No Fee 
No Fee 
No Fee 
$250 

$ 25 

$ 75 

$ 15 
No fee 
$ 16- 100 


Non-member physician 

Non-member physician-in-training 
Categorical Course (all attendees) 

ACR Luncheon Programs 
Spouse/Guest Program on Osteoporosis 
Social Programs 
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Calendar of Events 


Saturday, May 9 


1:00 - 5:00 


General Registration 


Sunday, May 10 


General Registration 

Categorical Course: Neuroradiology 
Lunch 

Categorical Course: Neuroradiology 
Discover Orlando* 

Opening Reception for all Registrants 


General Registration 
Spouse/Companion Program on 
Osteoporosis* 

Instructional Courses 100 - 110 

Coffee Break in Exhibit Hall Foyer 
Opening Ceremonies and Presentation 
of Scientific Award Papers 

Scientific Sessions 

Golf and Tennis Tournaments 

Lunch (Including ACR Socio-economic 
Session) 

Categorical Course: Neuroradiology 
Scientific Sessions 

Discover Orlando* 

Coffee Break in Exhibit Hall Foyer 
Instructional Courses 111 - 115 


7:30 - 4:30 
10:00 - 12:30 
12:30 - 1:45 
1:45 - 5:45 
2:00 - 5:00 
7:00 - 8:30 
Monday, May 11 
7:00 - 4:30 
7:45 - 10:00 
8:00 - 9:30 
9:30 - 10:00 
10:00 - 12:30 
10:45 - 12:30 
11:00 - Evening 
12:30 - 1:30 
1:30 - 5:45 
1:30 - 3:30 
1:30 - 4:30 
3:30 - 4:00 
4:00 - 5:30 
6:30 - 11:00 


Scientific Exhibits 
Commercial Exhibits 
Companions Hospitality Suite 


Church Street Station* 


7:00 a.m. - 11:00 p.m. 
9:30 a.m. - 4:30 p.m. 
8:30 a.m. - 1:00 p.m. 


Tuesday, May 12 


7:00 - 4:30 
8:00 - 9:30 
9:00 - 4:00 
9:30 - 3:30 
9:30 - 10:00 
10:00 - 12:30 
12:30 - 1:30 
1:30 - 3:30 
3:30 - 4:00 
3:45 - 5:45 
4:00 - 5:30 


Scientific Exhibits 


Commercial Exhibits 
Companions Hospitality Suite 


General Registration 

Instructional Courses 201 - 210 
Kennedy Space Center* 

Historic Winter Park/Park Avenue 
Shopping* 

Coffee Break in Exhibit Hall Foyer 
Scientific Sessions 

Lunch (Including ACR Socio-economic 
Session) 

Scientific Sessions 

Coffee Break in Exhibit Hall Foyer 
Categorical Course: Neuroradiology 
Instructional Courses 211 - 215 


7:00 a.m. - 11:00 p.m. 
9:30 a.m. - 4:30 p.m. 
8:30 a.m. - 1:00 p.m. 


*Spouse/guest program. Pre-registration required. 


Wednesday, May 13 


7:00 - 4:30 
8:00 - 9:30 
9:30 - 10:00 
10:00 - 12:30 


10:00 - 4:00 


11:00 - 2:00 
12:30 = 1:30 
1230 = 3:30 
3:30 - 4:00 
3:45 - 5:45 
4:00 - 5:30 


Scientific Exhibits 
Commercial Exhibits 
Companions Hospitality Suite 


General Registration 

Instructional Courses 301 - 310 
Coffee Break in Exhibit Hall Foyer 
Awards Session: Scientific Exhibit 
Awards, Gold Medal Awards, 
Caldwell Lecture 

Cypress Gardens VIP Tour* 

Magic of Ming* 

Lunch (Including ACR Socio-economic 
Session) 

Scientific Sessions 

Coffee Break in Exhibit Hall Foyer 
Categorical Course: Neuroradiology 
Instructional Courses 311 - 315 


7:00 a.m. - 11:00 p.m. 
9:30 a.m. - 4:30 p.m. 
8:30 a.m. - 1:00 p.m. 


Thursday, May 14 


7:00 - 4:30 
8:00 - 9:30 
9:30 - 1:30 
9:30 - 10:00 
10:00 - 4:00 
10:00 - 12:30 
12:30 - 1:30 
1:30 - 3:30 
3:30 - 4:00 
3:45 - 5:45 
4:00 - 5:00 
4:00 - 5:30 
5:00 - 6:30 


Scientific Exhibits 


General Registration 

Instructional Courses 401 - 410 

Leu Gardens/Jordan’s Grove* 

Coffee Break in Exhibit Hall Foyer 
Hot off the Set - Universal Studios 
VIP Tour* 

Scientific Sessions 

Lunch (Including ACR Socio-economic 
Session) 

Scientific Sessions 

Coffee Break in Exhibit Hall Foyer 
Categorical Course: Neuroradiology 
Membership Business Meeting 
Instructional Courses 411 - 415 
Exhibitors Post-Convention Reception 


7:00 a.m. - 6:00 p.m. 


(Note: Scientific Exhibits close today) 


Commercial Exhibits 


9:30 a.m. - 4:30 p.m. 


(Note: Commercial Exhibits close today) 


Companions Hospitality Suite 


Friday, May 15 


8:30 a.m. - 1:00 p.m. 


7:00 - 12:00 General Registration 

8:00 - 12:00 Symposium: Pediatric Radiology 

8:00 - 12:00 Symposium: New Issues Forum 
Scientific Exhibits Closed 
Commercial Exhibits Closed 


Companions Hospitality Suite 


8:30 a.m. = 11:00 a.m. 
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Categorical Course 


Neuroradiology 
Sunday, May 10, through Thursday, May 14, 1992 


Michael S. Huckman, Director 


Derek C. Harwood-Nash, Co-Director 


Glenn S. Forbes, Co-Director 


Sunday, May 10 


10:00 - 10:30 Interpretation of Signal Intensity 
Changes in MRI of the Brain......Gado 
10:30 - 11:00 Imaging Strategies in Mass Lesions of 
(Ne TAS onra Kricheff 
11:00 - 11:30 The Current Role of Cerebral 
Angiography in Neuroradiologic 
ADOSI asearen Wolpert 
E30 = 12500 Clinical Indications for the Use of 
Magnetic Resonance Angiography 
EE EAEE E A O EAT EEA Ross 
12:00 - 12:30 The Roles of MR and CT in the 
Evaluation of Cerebral Trauma .. Lukin 
12:30 - 1:45 Lunch 
1:45 - 2:15 Where Is the Blood in the Brain and 
Fow Old 06 Wi aoia Hackney 
2:15 - 2:45 The Pituitary Gland: Bright Spots and 
Dark ONG aiii Kucharzyk 
2:45 - 3:15 What Importance Should Be Attached 
to White Matter “Dots?”’............. Heier 
3:15 - 3:45 Coffee Break 
3:45 - 4:15 Lesions of the Skin and Brain .... Elster 
4:15 - 4:45 Imaging Correlates of Brain Tumor 
PAOLO OY oraaa Zimmerman 
4:45 - 5:15 The Many Faces of Meningeal 
Enhancement ..icisisssoneccnvivesmecseasnants Sze 
5:15 - 5:45 Imaging of Brain Infections ......... Post 
Monday, May 11 
1:30 - 2:00 Imaging Cervical Lymph Nodes...Som 
2:00 - 2:30 Neuroimaging in the 
Immunocompromised Patient. Ramsey 
2:30 - 3:00 The Role of the Radiologist in the 
Early Diagnosis of Stroke .......... Bryan 
3:00 - 3:15 Coffee Break 
3:15 - 3:45 Evaluation of the Seizure Patient 
EP alia lacie vain E POCEO IEIET Bronen 


3:45 - 4:15 
4:15 - 4:45 
4:45 - 5:15 
5:15 - 5:45 


3:45 - 4:15 
4:15 - 4:45 
4:45 - 5:15 
S:15 - 5:45 


3:45 - 4:15 
4:15 - 4:45 
4:45 - 5:15 
S:15 - 5:45 


3:45. = 4:15 
4:15 - 4:45 
4:45 - 5:15 
LIS- 245 


An Algorithm for Imaging the Orbit 


AEE AINN OES PEE N Forbes 
Imaging of the Temporal Bone: MR or 
Boi i PEE E T EAT E Chakeres 
Imaging of the Cerebellopontine Angle 
ACTER rE SPEAR ee eee eT Hasso 
The Radiology of Endoscopic Sinus 

MUUDETI aia courte he niestanmenn Mafee 


Tuesday, May 12 


Evaluating Back Pain in Children 
EEPE ENEE EE Harwood-Nash 
Imaging of Hydrocephalus and Shunts 
OE EAEI EEOAE A cates Naidich 
Normal and Abnormal Patterns of 
Myelination in Children ...... Barkovich 
Conduct of Invasive Outpatient 
Neuroimaging Procedures ........ Kieffer 


Wednesday, May 13 


Multiple Sclerosis and Its Imitators 
NEEE PATERE P E Brant-Zawadzki 
Image Correlation in Movement 


LPIRORGOIS sirrin Rutledge 
Imaging the Aged and Demented 
E T O EOE EEE EET George 
Imaging Degenerative Disease of the 
DINE E AE A E A Haughton 


Thursday, May 14 


Imaging of Postoperative Complications 


OF PPING SULSELY nonii Davis 
Imaging of Cervical and Thoracic Disc 
EAS iuni Russell 


Distinguishing Benign From Malignant 
Changes in the Vertebral Column 
Utena ED Geremia 
Ultrasound in Neuroradiology 

dist aap PEET EPERE E EE OAT Quencer 
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Residents/Masters Tutorial 






Technique & Technology 














Gastrointestinal Radiology 









Body Imaging/GU 










Body Imaging/CT, US, MRI 








Mammography 








Special Topics 















Nuclear Medicine 










Body Imaging/Ultrasound 






Musculoskeletal 


Pediatric Radiology 


Body Imaging/CT, US, MRI 


Angiography/Interventional 


Radiologic - Pathologic 
Correlation (special topics) 























Instructional Courses 


Robert J. Stanley, Chairman, Bruce L. McClennan, Associate Chairman 


Monday 


101. Current Radiologic 


Approach to Thromboembolytic 


Disease. Athanasoulis CA 


102. Teleradiology and Digital 
Imaging. Templeton, AW 


103. Pitfalls in Plain Film and 
CT Analysis of the Mediasti- 
num. Glazer HS, Molina, PL 


104. Developmental Anomalies 


of the Pancreas and Biliary 
Tract. 
Schulte SJ, Rohrmann CA Jr. 


105. CT and MRI of the 
Retroperitoneum. 
Heiken JP, Brown JJ 


106. CT and US-Guided Biop- 


sies: Practical Approaches, 
Pitfalls and New Techniques. 
Charboneau JW, Reading CC 


107. Evaluation of the Altered 
Breast. 
Monsees B, Destouet, JM 


Skeletal Radiology. 


Jacobson HG, Edeiken J 


109. Hepatobiliary Imaging: 
Pharmacologic Intervention. 
Fink-Bennett D, Juni J 


110. Transvaginal Sonography: 
New Applications. 
Fleischer AC, Emerson DS 


111. The Pelvis and Hip: Ana- 
tomic-Clinical Correlations. 
Pitt MJ 


112. A Practical Approach to 
Pediatric Abdominal Diagnosis. 
Wood BP, Parisi M 


113. CT, MR and US of the 
Subperitoneal Space: 
Predicting Pathways of 
Abdominal Disease. Gore RM 


114. Clinical Assessment of 
Vascular Disease: The 
Interventionalist’s Approach. 
van Breda, A 


115. Intraluminal GI US: 
Esophagus, Stomach, Pancreas, 
Biliary Tree and Rectum. 

Botet JF. Bree RL 


108. Re-emphasis on the Fun- 
damentals in Conventional 





Tuesday 





201. Intracranial Lesions. 
Gado MH 


202. Ultrafast CT Scanning: An 


Update. Sheedy P 


203. Interventional Techniques 
in the Chest. Westcott, JL 


204. Principles of Double 
Contrast Diagnosis Applied to 
Colorectal Cancer. Laufer I 


205. CT of Gynecologic 
Disease. Walsh, JW 


206. CT of Peritoneal Spaces 
and Ligaments. Balfe, DM 


207. Screening Mammography: 
Historical Perspectives and 


Current Concepts. Dershaw DD 


208. Medical Innovation: The 
Effect of Social/Technological 
Changes on Our Understanding 
of Cerebral Vascular Disease. 


Ackerman, RH, AFIP-DS. 





209. Imaging of Infection. 


Alazraki, NP 


210. Ultrasound Evaluation of 
the Acute Abdomen. 
Wilson, SR 


Morning Sessions 8:00 a.m. - 9:30 a.m. 





Wednesday 





301. CT of Skeletal Trauma. 
Rogers, LF 


302. Advances in Abdominal 
CT Examination Techniques. 
Berland LL, Megibow, AJ 


303. Imaging of Lung Cancer: 


Staging and Biopsy Techniques. 


Sanders PC, Nath H 


304. CT of the GI Tract. 
Balthazar EJ, Birnbaum B 


305. CT and MRI of the Kidney. 


Newhouse JH, Amis ES Jr. 


306. Hepatobiliary Neoplasms. 
Ros PR, Buck JL 


307. The Abnormal 
Mammogram: Where Do We 
Go From Here? 

Rubin E, Dempsey PJ 


308. Near-Fatal Attraction: Our 
Tempestuous Love Affair With 
Radiation and X-rays From a 
Historical Perspective. 

DiSantis DJ 


309. Pulmonary 
Thromboembolism: Modern 
Perspectives. Coleman RE 


310. Ultrasound Evaluation of 
the Carotid and Vertebral 
Vessels. Bluth El 


Afternoon Sessions 4:00 p.m. - 5:30 p.m. 


211. Evaluation of the Sacrum 
and Sacroiliac Joints. 
Pope TL Jr., Brower AC 


212. Skeletal MRI in Children. 
Poznanski AK, Donaldson, JS 


213. Adrenal Masses: 
Correlative Imaging With CT, 
MRI and Nuclear Medicine. 
Korobkin MT, Francis | 


214. New Devices in Peripheral 
Vascular Intervention: 
Diagnosis and Therapy. 

Katzen BT, Becker, GJ 


215. Radiologic-Pathologic 
Correlation of GI Tract Tumor. 
Lichtenstein JE, Olmsted WW 


311. Imaging of Bone Grafts 
and Joint Replacements. 
Murphey MD 


312. Radiology of the 
Diaphragm in Children and 
Adults. Robinson AE, Oh KS 


313. Imaging the Spectrum of 
Biliary Tract Disease. 
Baron RL, Campbell WL 


314. Angioplasty: Principles 
and Technical Advances. 
Saddekni S. 


315. How To Get Your 
Manuscripts Published Without 
a Hassle. Berk RN, Rose B, 


Cnillae KF Wali: K 
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Thursday 





401. Seeing With Sound. 
Leopold, GR 





402. Computer-Assisted 3-D 
CT Imaging: State of the Art. 
Fishman EK, Ney D 


403. Thin Section, High 
Resolution CT of the Lung. 
Pugatch RD 


404. Radiologic Evaluation of 
the Pharynx and Esophagus. 
Rubesin SE, Levine MS 





405. Renal Infarction, Infection 
and Venous Thrombosis. 
Bosniak, MA 


406. MRI of the Abdomen: 
Present Uses and Future 
Directions. Kenney PJ 






407. Current Concepts in 
Percutaneous Breast Procedures. 
Parker SH, Fajardo, LL 







408. Treatment of Acute 


Systemic Reactions to Contrast 
Media. Bush WH, Swanson DP 





409. Bone SPECT. 
Collier BD 


410. Imaging and Biopsy of the 
Prostate. 
Papanicolaou N, Tung G 


411. MRI of Joints. 
Kaye JJ, Potter HG 


412. CT and MRI of the 
Pediatric Chest. Siegel MJ 


413. Contemporary Imaging of 
the Malignant Lymphomas. 
Mareglin SI 


414. Biliary Intervention: All 
You Ever Wanted to Know. 
Hawkins IF Jr., Caridi JG 


415. Arthropathies: Radiologic- 
Pathologic Correlations. 
Madewell, JE 
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Symposia and Special Programs 


Symposia 

Stat and Urgent Problems in Pediatrics 

(held jointly with the Society for Pediatric Radiology) 
William H. McAlister, Moderator 

Friday, May 15, 1992 


8:00 Sonography of Lower Abdominal Pain ........ Siegel 
8:30 Emergency Interventional Procedures in Children 


9:00 Pediatric Trauma: Current Concepts in 
Abdominal MASS sisirain Taylor 
9:30 Emergency Sonography in the Child 


EEE EI ERE AIEE AAE E A OE POE TT Patriquin 
10:00 Break 
10:15 Cervical Spine Trauma: Current Concepts in 
Eae ET a AEE E EEIE EE E EE ETA Swischuk 
10:30 Head Trauma: Current Concepts in Imaging 
PEPPE A INTE AIEN EET Harwood-Nash 
11:00 Imaging of Emergencies in Immune 
COMIDTOINISER Faena spiana Wood 
11:30 MR of Acute Musculoskeletal Injury........... Moore 


New Issues Forum 
Friday, May 15, 1992 


8:00 | Economic and Political Challenges for 


Ragologsts 10 (he “DUG cariar Hillman 
9:00 The Interface of MR Imaging and 
SPEC POSCO anann Kressel 
10:00 PACS: Overview of Clinical Importance and 
Technical FeasiD ity cissi Kangarloo, Dwyer 


ACR Luncheon Presentations 
The American College of Radiology will sponsor a series of 
luncheon talks on socio-economic issues Monday through 
Thursday, May 11-14, at 12:30 p.m. The $15 fee includes a 
box luncheon. 


Monday, May 11 Governmental Issues for Radiology 
Gary Price, ACR Director of 
Government Relations 

Practice Accreditation 
Robert J. Stanley, Chairman, 
ACR Commission on Standards 
and Accreditation 

Current Legal Issues in Radiology 
Thomas W. Greeson 
ACR Legal Counsel 

Update on ACR Activities 
James M. Moorefield 
Chairman, ACR Board of Chancellors 


Tuesday, May 12 


Wednesday, May 13 


Thursday, May 14 


Special Program 
Osteoporosis: Assessing the Risks 
Kay H. Vydareny, Moderator 


Monday, May 11, 1992 
7:45 - 10:00 a.m. 


In recent years osteoporosis has become a topic of major 
concern to women. A report from the U.S. Preventative 
Services Task Force states that an estimated 1.3 million 
osteoporosis-associated hip fractures occur each year in the 
United States. Up to 70% of fractures in persons aged 45 or 
older are attributable to osteoporosis. Most of these occur in 
postmenopausal women. 


The purpose of this program is to educate women about the 
indicators of the disease, options for diagnosis and the 
benefits as well as the risks associated with several treatment 
options available today. A panel of experts will conduct brief 
presentations, answer questions and identify ways to cope 
with the uncertainties and anxieties associated with this 
disease. 


Topics for discussion will include: 
Multiple risk factors 


Diet 

Smoking 
Exercise 
Calcium intake 


Low bone mass 
Gender 


A E e e ¢ 


Detection and diagnosis 


@ Radiologic techniques for measurement of 
bone mass 
@ Effectiveness of screening programs 


Prevention and treatment 


@ Options 
@ Risks 
@ Hormone therapy 


Join us at 7:45 a.m. for a continental breakfast, followed by 
the program at 8:00. There is no charge to spouses and guests 
of registered meeting attendees. However, space is limited, 
and pre-registration is required. 
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Local Activities 


he Orlando area offers a wide variety of leisure 

activities to visitors. The best-known of these, of 

course, is Disney World, which is located just 

minutes from our host hotel, Marriott’s Orlando 
World Center. Many of the area’s other attractions are easily 
accessible from the hotel via rental car or Gray Line bus 
shuttles. 


With the assistance of Convention Planning Services, Inc., we 
have planned several interesting and fun activities for our 
own social program, and we have also arranged VIP tours of 
some of the major attractions. Descriptions of these tours are 
listed below. 


Prices for the events include transportation, meals where 
indicated, escorts and guides, and all entrance fees, taxes and 
gratuities. Prices do not include alcoholic beverages with 
meals. Use your own judgment in deciding which tours are 
appropriate for young children. Special rates are available for 
children for the Kennedy Space Center and Cypress Gardens 
tours. 


Reservations for the social program are limited. To avoid 
disappointment, send in the reservation form immediately. 
Reservations will be filled in the order in which they are 
received. Because guarantees are required for all events, 
reservations must be received by April 27. On Sunday, May 
10, from 1:00 to 5:00 p.m. and on Monday, May 11, from 
8:00 to 11:00 a.m., any remaining tickets will be sold at the 
meeting registration desk. These tickets may be sold at a 
slightly higher price. Fees will be refunded if cancellation is 
received in writing by April 27. Mail cancellation requests to 
American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. No cancellations will be accepted by 
telephone. The ARRS reserves the right to cancel an event if 
registration is insufficient. If an event is cancelled, refunds 
will be issued. 


Sunday, May 10 

Discover Orlando 2:00 - 5:00 p.m. 
This tour is a great way to begin your visit to the Orlando 
area and help you decide what activities you would like to 
pursue during the rest of the week. Find out what makes 
Orlando the United States’ number one tourist destination. 
The tour will highlight downtown Orlando, the “city beauti- 
ful’. Your guide will discuss the history of Orlando, its 
growth and many points of interest. You will tour Church 
Street Station and Market Plaza, offering a multitude of 
shops, restaurants and entertainment. Fee: $16 





Enjoy the fun and excitement of Orlando’s attractions as well as the many 
fine amenities available at the annual meeting's host hotel, Marriott's 
Orlando World Center. 


Monday, May 11 

Osteoporosis: Assessing the Risks 7:45 - 10:00 a.m. 
In recent years osteoporosis has become a topic of major 
concern to women. The purpose of this program is to educate 
women about the indicators of the disease, options for 
diagnosis and the benefits as well as the risks associated with 
several treatment options available today. A panel of experts 
will conduct brief presentations, answer questions and 
identify ways to cope with the uncertainties and anxieties 
associated with this disease. Join us at 7:45 a.m. fora 
continental breakfast, followed by the program at 8:00. 
There is no charge to spouses and guests of registered 
meeting attendees. However, space is limited, and pre- 
registration is required. 


Golf Tournament 11:00 a.m. - evening 

The annual golf tournament will be held at Orlando’s Bay 
Hill Club. Owned and operated by Arnold Palmer, the Bay 
Hill Club is the site of the annual Nestle Invitational on the 
PGA tour and has some of the most famous and challenging 
holes on the pro tour. Buses will leave the hotel at 11:00 a.m. 
following the opening ceremonies. There will be a buffet 
lunch followed by a shotgun start. Participants must bring 
their own golf clubs and shoes. The fee includes transporta- 
tion, luncheon, greens fees, cart, prizes and hors d’ oeuvres 
and drinks following completion of play. Trophies and prizes 
will be awarded at this time, after which buses will return 
participants to the hotel. Be sure to make reservations early, 
as the field will be limited to 100 players. Fee: $100 
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Local Activities (Continued) 


Tennis Tournament 11:00 a.m. to afternoon 
The annual men’s and women’s tennis tournaments will be 
held at the courts at Marriott’s Orlando World Center. The 
fee of $50 includes luncheon, court fees, balls and prizes. 


Discover Orlando 1:30 - 4:30 p.m. 
A repeat of Sunday’s tour. See description on page 477. 
Fee: $16. 


Church Street Station 6:30 - 11:00 p.m. 

Let the good times roll at this exciting restaurant and shop- 
ping complex in historic downtown Orlando. Hear exciting 
Dixieland jazz at Rosie O’Grady’s Goodtime Emporium, 
sample exotic drinks at Apple Annie’s, savor exemplary 
cuisine and fine spirits at Lili Marlene’s or return to the 
romance and glamour of the °30s in the Orchid Garden 
Ballroom and Dessert Cafe. Dance to the hottest sounds at 
Phineas Phogg’s Disco or two-step and sample great BBQ at 
the Cheyenne Saloon and shop in style at the Bumby Arcade 
or Buffalo Trading Company. Sightsee and shop at Church 
Street Exchange with 130 shops and food marts and the 
Downtown Marketplace. Street entertainment and spontane- 
ity add to the fun of this evening. Dinner not included. 

Fee: $30. 


Tuesday, May 12 

Kennedy Space Center 9:00 a.m. - 4:00 p.m. 
The dream and commitment of space exploration is alive at 
the Kennedy Space Center. You will capture the spirit as you 
view the shuttle assembly building, launch pads, astronaut 
training facilities and rocket museums. A breathtaking film 
will be shown on a five-story IMAX screen. Ample time will 
be allowed for camera stops along the tour and for individual 
exploration among the exhibits and museums. Lunch not 
included. Fee: $30 adult, $25 children ages 3-11. 


Historic Winter Park/Park Avenue Shopping 

9:30 a.m. - 3:30 p.m. 

Originally envisioned as “a beautiful winter resort for the 
well-to-do people,” Winter Park is still the most desirable 
place to live in Central Florida, winter and summer. Begin 
the day by viewing the true beauty of Winter Park from an 
excursion boat as you cruise through the beautiful lakes and 
Venetian canals. Your guide will take you back in time and 
dazzle you with the magnificent homes and mansions that 
have lined the shores for the past 100 years. Next you will 
browse along Park Avenue and informally tour the “Little 
Europe” shopping district, a haven for boutique shoppers and 
gourmet palates. Enjoy the Morse Art Gallery with the 
largest collection of Louis B. Tiffany glass in the world. A 
private luncheon will be served in one of Park Avenue’s fine 
restaurants. Fee: $48. 
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Wednesday, May 13 

Cypress Gardens VIP Tour 10:00 a.m. - 4:00 p.m. 
Cypress Gardens is the home of the world’s most photo- 
graphed water ski show, combining daredevil excitement with 
artistry and laughter. Ski-jumping champions and hang 
gliders will provide the thrills, water clowns will provide the 
laughter and ballet aquamaids will perform with beauty and 
grace. Also included are a private boat tour of the lake and a 
tour through the lush gardens which give this attraction its 
name. Marvel at the more than 12 million blooming flowers 
and thrill to the vibrant panorama of exotic birds and animals, 
including the proverbial Florida gator. Lunch on your own. 
Fee: $42 adult, $36 children ages 3-9. 


Magic of Ming 11:00 a.m. - 2:00 p.m. 
This exclusive cooking class will give you a hands-on 
learning experience in the art of gourmet Chinese cuisine. 
The adventure begins as you prepare appetizers (complete 
with a spring roll competition!) and continues with a demon- 
stration of the secrets to successful stir-fry cuisine, followed 
by the unveiling of hand carved garnishes prepared by the 
official garnee chef. After a question-and-answer session, a 
gourmet Chinese lunch will be served. 

Fee: $43. 


Thursday, May 14 

“Hot off the Set” - Universal Studios VIP Tour 

10:00 a.m. - 4:00 p.m. 

You will be treated like a star as you are escorted into 
Universal Studios in a group of only 15 people to experience 
an hour-long studio tour. A VIP guide will escort you down 
the streets of New York, Hollywood and San Francisco and 
divulge many fun facts about your favorite movies. Lunch 
will be served, after which you will have three hours for 
leisure sightseeing and shopping. Fee: $58. 


Leu Gardens/Jordan’s Grove 9:30 a.m. - 1:30 p.m. 
Stroll along the meandering pathways of Harry P. Leu 
Botanical Gardens, through forests of camellias and avenues 
of giant camphors. Wind your way across gentle hills down to 
sparkling Lake Rowena. Relax among thousands of exotic 
flowers and plants. Leu Gardens is a pleasant interlude in a 
busy day. Following your visit to this exotic wonderland, you 
will be escorted to Jordan’s Grove for a relaxing luncheon. 
Jordan’s Grove is a restaurant located in a restored historic 
home situated on 3'/2 acres of land, where original recipes are 
created daily with only the freshest ingredients. Fee: $42. 


Space is limited - 
Register Early! 


y 


MEETING AND ACTIVITIES 
REGISTRATION FORM 


(Follow numbered instructions on reverse side) 





(1) 
Last Name First Name or Initials Title 
Address 
City State/Country Zip Code 
Home Telephone Office Telephone 
Spouse/Guest(s) 
(2) Registration Fees 
a. ARRS member (all categories) ..No Fee E Non-member physician saric $250 
b. SCIONHNC EAMON sosai No Fee g. Non-member physician-in-training .....$ 25 
¢; Scientific Paper Presenter .......... No Fee 
d. Technical EXBipitor sissi No Fee (Signature of Program Director to verify in-training status) a 
e. Course Facey picid No Fee Registration Fee (if any) $ 
(3) Refresher Course Enrollment A.M. Choices P.M. Choices 
Ist 2nd 3rd Ist 2nd 3rd 


Monday, May 11 (100 Series) 

Tuesday, May 12 (200 Series) 
Wednesday, May 13 (300 Series) 
Thursday, May 14 (400 Series) 

Friday, May 15 (Pediatrics Symposium) 
Friday, May 15 ( New Issues Symposium) 








Fi 


(4) ___I wish to take the Categorical Course on Neuroradiology (Fee: $75) 


(5) ___1 wish to attend the ACR luncheons as checked ($15 each): LJ MON LJ TUE LJ wep LI THU $ 


(6) ___ My spouse/guest will attend the Osteoporosis Program number of tickets 
(7) Local Activities: Number of Tickets 
a. Discover Orlando (Sunday, May 10) @ $16 $ 
b. **Golf tournament (Monday, May 11) @ $100 $ 
c. Tennis tournament (Monday, May 11) @ $50 $ 
d. Discover Orlando (Monday, May 11) @ $16 $ 
e. Church Street Station (Monday, May 11) @ $30 $ 
f. Kennedy Space Center (Tuesday, May 12) adult admission @ $30 $ 
youth admission @ $25 $ 
g. Winter Park (Tuesday, May 12) @ $48 $ 
h. Cypress Gardens VIP Tour (Wednesday, May 13) adult admission @ $42 $ 
youth admission @ $36 $ 
i. Magic of Ming (Wednesday, May 13) @ $43 $ 
j. Universal Studios VIP Tour (Thursday, May 14) @ $58 $ 
k. Leu Gardens/Jordan’s Grove (Thursday, May 14) @ $42 $ 
(8) Total Payment Enclosed ${ O] 
**Golf tournament registrants indicate handicap: Method of Payment: Q Check (Made payable to ARRS) 
Foursome if desired and their handicaps Q Mastercard LJ) Visa LÌ Amex 


Card Number Expiration Date 





480 AJR: 158, February 1992 


American Roentgen Ray Society : 92% Annual Meeting, Orlando, FL 


INSTRUCTIONS 


MEETING AND ACTIVITIES REGISTRATION FORM 
(Deadline: April 27) 


1 Print or type your name, address and telephone number. If your spouse or guest(s) will accompany 
you, please list their name(s) as well. The information in this section will be used for printed 
badges. 

P Check the appropriate box and indicate the amount of payment required for your registration fee. 


Non-member residents please note: your training program director must sign in the place indi- 
cated in this section in order for you to receive the reduced registration fee. 


9 Review the Instructional Course listings on page 475, and indicate your first, second and third 
choices for each time period. Courses carry Category I CME credits on a hour-for-hour basis. 
General registration covers all courses with the exception of the Categorical Course, for which 

there is a separate fee for all attendees. 


Check this line if you wish to attend the Categorical Course on Neuroradiology and include $75 
in your total payment. 


Check the ACR luncheons you wish to attend and include fee of $15 for each in your total pay- 
ment. 


Indicate the number of complimentary tickets requested for the spouse/guest program on 
osteoporosis. 


Review the local activities outlined on pages 477-478 and indicate the number of tickets you wish 
to purchase for each event. Golf registrants please indicate your handicap and other members of 
your foursome if desired. Include the total amount for social activities in your payment. 


N O O A 


Q Total the fees in items (2) through (7) above, and indicate this amount and the method of payment. 
If you are paying by credit card, please indicate your card number and expiration date, and sign on 
the signature line. Send completed form and payment by April 27 to: 


American Roentgen Ray Society 
P.O. Box 2348 
Merrifield, VA 22116 


Make checks payable to American Roentgen Ray Society. 
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AMERICAN ROENTGEN RAY SOCIETY 


1992 ANNUAL MEETING 
May 10-15, 1992 
Marriott's Orlando World Center, Orlando, FL 


HOTEL REGISTRATION FORM 


(Refer to instructions on reverse side. Complete this form and return it directly to the hotel.) 


Last Name First Name Title (Dr., Mr., Ms., etc.) 
Mailing Address 
City State/Country Zip Code 


Name(s) of additional person(s) sharing room 

Arrival Date/Time Departure Date/Time 

Room Categories (Circle Requested Room Size) Single $150 Double $150 
Special Room Requests: 


RESERVATIONS WILL BE HELD UNTIL 6:00 P.M. UNLESS ACCOMPANIED BY A DEPOSIT OR AN 
ACCEPTED CREDIT CARD NUMBER AND SIGNATURE. 


Please hold my reservation for (check one): 6:00 p.m. arrival 
Guaranteed arrival by first night’s deposit (enclosed) 
Guaranteed arrival by credit card 


Deposit of one night’s rate $ 


Method of Payment 
L] Personal Check (made payable to Marriott's Orlando World Center) 


E MasterCard Q Carte Blanche J Diners Club J Visa J Amex E Discover 


Card Number Expiration Date 


For Guaranteed Reservations Only 
I understand that I am liable for one night’s room and tax which will be deducted from my deposit or billed through my credit 
card in the event that I do not arrive or cancel by 6:00 p.m. on the arrival date indicated. 


Signature 
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INSTRUCTIONS 


HOTEL REGISTRATION FORM 
(DEADLINE: APRIL 13) 


Reservations must be received by the Marriott’s Orlando World Center ARRS Housing Bureau by April 
13. Reservations after that date are subject to availability. Written confirmation of your reservation will 
be sent to you by the hotel. To change or cancel reservations, please call the Marriott’s Orlando World 
Center directly at (407) 239-4200. One night’s rate is required as a deposit. 


Room assignments will be made in the order received by the hotel. We urge you to make your reservations 
promptly to be certain that you receive the room type you request. 


Check-in time is 4:00 p.m. Check-out time is 11:00 a.m. Accommodations may not be available if check- 
in is made before 4:00 p.m. 


d Type or print name, address and telephone number for any guest reservations. If you plan to share 
a room, please send in only one housing form. Be sure to list the names of all occupants of rooms. 
Assignment is delayed until complete information is received. 


List arrival and departure dates and times. 
Single and double rooms are available at a flat rate of $150. Circle the desired type of accommo- 


dation. If the room type requested is not available, the next available room type will be assigned. 
Children under 18 are free when sharing a room with an adult. 


œ N 


4 One night’s deposit is required, which will be applied to the last night of your scheduled stay. 
Enter this amount in the space provided. 


5 Indicate method of payment. You may send a check with this reservation form (made payable to 
Marriott’s Orlando World Center) or provide credit card information. The hotel accepts American 
Express, Diners Club, Carte Blanche, VISA, MasterCard and Discover. The deposit will hold your 
room until 6:00 a.m. of the morning following your scheduled arrival date. In the event of an early 
departure, the deposit is nonrefundable unless the hotel is notified prior to or at the time of check- 
in. Cancellation notice of 14 days is required for a deposit refund. 


Mail reservation and check, if applicable, to: 


ARRS Housing Bureau 
Marriott’s Orlando World Center 
One World Center Drive 
Orlando, FL 32821 


Classified Advertisements 


Positions Available 


RADIOLOGIST NEEDED—Senior partner retired. 
Free-standing diagnostic medical clinic seeking sec- 
ond radiologist for non-interventional-type practice 
in small, culturally oriented community in southeast 
West Virginia. Rare opportunity to associate with 
nationally known group where highest quality medi- 
cine is the standard, under unparalleled working 
conditions. The Greenbrier Clinic is affiliated with 
world famous Greenbrier Hotel and Resort located 
in the Greenbrier Valley, garden spot of West Vir- 
ginia. Quiet lifestyle with abundant recreational 
opportunities and easy access to large eastern 
metropolitan centers. Candidates must be board- 
certified in diagnostic radiology and have some 
practice experience. Contact Herbert Pope, M.D., 
The Greenbrier Clinic, White Sulphur Springs, WV 
24986. 2—4ap 


ASSISTANT PROFESSOR, MR RADIOLOGIST— 
The Dept. of Radiology at The University of Texas 
Medical School at Houston and the Hermann Hospi- 
tal are recruiting for a full-time MRI radiologist at the 
assistant professor level, beginning July 1, 1992. 
Preference will be given to candidates with fellow- 
ship training in MRI, body imaging, neuroradiology, 
or 1-yr of academic MRI experience. ABR certifica- 
tion is required. Responsibilities will include moni- 
toring and interpretation of both body and neuro 
MRI, as well as medical student, resident, and fellow 
teaching. Extensive clinical and basic science re- 
search opportunities are available. The dept.’s MR 
facilities are state-of-the-art and located in a beauti- 
ful spacious setting, which includes a 1.5-T GE 
Signa unit with proton spectroscopic capability. A 
second 1.5-T GE System, with MR angiography, 
fast spin echo (FSE), and phased array coils, will be 
installed in the first quarter of 1992. The Dept. also 
has an active basic science research program; re- 
search facilities include a small bore MRI system 
with spectroscopy capabilities. The University of 
Texas at Houston is an equal opportunity employer. 
Women, minorities, and the disabled are encour- 
aged to apply. Please send CV and 3 references to 
Bharat Raval, M.D., Professor and Interim Chair- 
man, Dept. of Radiology, The University of Texas 
Medical School-Houston, 6431 Fannin, Suite 2.132, 
Houston, TX 77030. 2—7ap 


INTERVENTIONAL RADIOLOGIST—The Yale 
University, Dept. of Radiology, has a position for a 
board-certified radiologist with fellowship training in 
vascular/interventional radiology to start as soon as 
possible. Rank is at the assistant or associate 
professor level depending on qualifications. This 
active clinical service (currently 3 staff, 3 fellows) 
performs an entire range of diagnostic and 
interventional procedures including embolization, 
angioplasty, atherectomy, infusion therapy, IVC fil- 
terplacement, endourology, and biliary and abscess 
management. The interventional inpatient service 
admits 100 patients/yr, primarily for embolization 
and angioplasty. The interventional clinic evaluates 
referred patients with peripheral and renal vascular 
disease and vascular malformations. Clinical and 
fundamental research interests are ongoing in 
atherectomy, embolization devices, new 
chemoperfusion catheters, and endourology. Please 
send applications with CV to Jeffrey Pollack, M.D., 
Acting Section Chief, or Robert |. White, Jr., M.D., 
Professor and Chair of Diagnostic Radiology, Yale 
University School of Medicine, P. O. Box 3333, New 
Haven, CT 06510; (203) 785-2385, fax (203) 785- 
3024. Yale University is an equal opportunity/ 
affirmative action employer. Applications from 
women and minority group members are encour- 
aged. Application deadline is March 30, 1992. 2-3a 


CT/ABDOMINAL IMAGING, MUSCULOSKEL- 
ETAL IMAGING, ULTRASOUND/MRI, OR GAS- 
TROINTESTINAL IMAGING RADIOLOGISTS— 
Openings exist for board-certified or eligible radiolo- 
gists with fellowship training in CT/abdominal imag- 
ing, musculoskeletal imaging, ultrasound/MRI, or 
gastrointestinal imaging. Rank is at the assistant or 
associate level, depending on qualifications. A 
strong interest in patient care, teaching, and re- 
search is required. Please send CV and bibliogra- 
phy to Morton Glickman, M.D., Vice-Chair, Yale 
University School of Medicine, Dept. of Diagnostic 
Radiology, 333 Cedar St., New Haven, CT 06510. 
Yale is an equal opportunity/affirmative action em- 
ployer. Applications from women and minority group 
members are encouraged. Application deadline is 
March 30, 1992. 2-3a 


DIRECTOR, MAMMOGRAPHY—The College of 
Physicians and Surgeons of Columbia University is 
searching for a director of our mammography sec- 
tion. Recruited individual will assume directorship 
on retirement of current director (Summer 1992). 
Large and expanding services with 3 modern ACR- 
accredited units and centrally located inpatient/out- 
patient mammo suite in major academic center. 
Responsibilities include patient care, teaching, and 
clinical research. Large residency program. Re- 
quirements include board certification in diagnostic 
radiology; New York state medical license and nar- 
cotics license is desirable. Salary and academic 
rank will be commensurate with qualifications and 
experience. Please send resume to Philip O. 
Alderson, M.D., Dept. of Radiology, Columbia-Pres- 
byterian Medical Center, 622 W. 168th St., New 
York, NY 10032. Columbia University is an affirma- 
tive action/equal opportunity employer. 2a 


STAFF RADIOLOGIST—The VA Medical Center, 
Bay Pines, Florida, affiliated with the University of 
South Florida School of Medicine, is currently ac- 
cepting applications for a board-certified staff radi- 
ologist in general diagnostic radiology, preferably 
with MRI experience. This medical center is located 
on the beautiful west coast of Florida in the St. 
Petersburg/Tampa metropolitan area, only minutes 
from the Gulf of Mexico. The medical center has all 
state-of-the-art imaging equipment. Send CV and/ 
or call J. Bonilla, M.D., Radiology Service (114), VA 
Medical Center, Bay Pines, FL 33504; (813) 398- 
9363. EOE. 2-3a 


PEDIATRIC RADIOLOGY—The Medical College 
of Georgia seeks a general pediatric radiologist and 
a pediatric radiologist with expertise in pediatric 
imaging. These individuals will provide general and 
specialized pediatric radiology services, guide the 
integration of imaging services within pediatric radi- 
ology, and help plan and implement pediatric radiol- 
ogy services for the upcoming 175-bed Children’s 
Medical Center. Tenured or nontenured positions 
are available at assistant, associate, or full professor 
levels. The senior appointee will become head of 
the Pediatric Radiology Section. Call or write Dr. 
Charles G. Howell, Jr., Pediatric Radiology Search 
Committee, Pediatric Surgery Section, Medical Col- 
lege of Georgia, Augusta, GA 30912-4070; (404) 
721-3941. MCG is an equal opportunity/affirmative 
action employer. 2-7a 


INTERVENTIONAL RADIOLOGIST—Private, 
multispecialty group of 125 physicians with univer- 
sity affiliation in upper midwest seeks second board- 
certified interventional radiologist. Excellent digital 
angiographic, CT, and MR facilities. Superb coop- 
eration with surgical staff. Atleast 50% interventional 
with option of some general and/or neuroradiology. 
Salary equals 90% of partners with full partnership in 
1-2 yr. City of 60,000 with referral base of 300,000. 
Send CV to Gerald Smyser, M.D., The United Hos- 
pital, Box 6002, Grand Forks, ND 58206-6002; (800) 
437-5375. 2-4ap 


PHYSICIAN TO HEAD THE NEUROSCIENCE 
PROGRAM in the nuclear medicine section of the 
Dept. of Diagnostic Radiology at the New England 
Deaconess Hospital, with an appropriate academic 
appointment at Harvard Medical School. Candi- 
dates should be board-certified in neuroradiology 
with research training in neuropharmacology, neu- 
rochemistry, and functional brain imaging. Experi- 
ence with PET and SPECT is essential. Minorities 
and females are encouraged to apply. NEDH and 
Harvard Medical Schoo! are affirmative action and 
equal opportunity employers. Mail CV to Melvin E. 
Clouse, M.D., Dept. of Radiology, New England 
Deaconess Hospital, 185 Pilgrim Rd., Boston, MA 
02215. 2a 


THE UNIVERSITY OF ARIZONA DEPT. OF RADI- 
OLOGY is recruiting a fellowship-trained vascular/ 
interventional radiologist to join the faculty. Facilities 
at the University Hospital (300-bed), and Tucson 
Veteran's Hospital (300-bed), include state-of-the- 
art angiographic, CT, and MR units. Income and 
academic rank are negotiable. Contact Gerald D. 
Pond, M.D., Head, Section of Vascular and 
Interventional Radiology, University of Arizona Health 
Sciences Center, Tucson, AZ 85724; (602) 694- 
7136. Women and minorities are encouraged to 
apply. The University of Arizona is an EEO/AA 
employer. The review of applications began August 
30, 1991 and will continue until position is filled. 2- 
4a 


ANGIOGRAPHER/INTERVENTIONALIST— 1 wo 
faculty positions open in 1992 for board-certified 
radiologists with fellowship training in vascular and 
interventional radiology at the Charles Dotter Insti- 
tute for Interventional Therapy at OHSU. Facilities 
include 3 clinical and 2 research angiography suites. 
Responsibilities include patient care, resident/fellow 
teaching, and research. Contact Dr. Josef Rosch, 
Director, Charles Dotter Institute, OHSU, L-342, 
Portland, OR 97201-3098. 2a 


IMMEDIATE OPENING—BC/BE radiologist to join 
an 8 board-certified radiologists incorporated prac- 
tice covering 3 hospitals with approximately 700 
beds and 100+ physician multispecialty clinic. All 
modalities represented. Must be willing to partici- 
pate in all aspects of general diagnostic radiology. 
Excellent fringe benefit package with competitive 
salary leading to early shareholder status at modest 
buy-in. Practice located in Arkansas river valley. 
Excellent public and private schools. Send CV to or 
contact, June Martin, Business Manager, Radiology 
Services, P.A., P. O. Box 1827, Fort Smith, AR 
72902; (501) 782-5035. 2—4ap 


OPENING FOR A RADIOLOGIST WITH ANGIO/ 
INTERVENTIONAL EXPERTISE—Radiology Ltd. 
of Tucson, AZ, is a group of 23 full-time and 2 part- 
time diagnostic radiologists who are the major pro- 
viders of radiology services at 4 hospitals, 3 private 
offices, and 3 separate CT/MRI imaging centers in 
Tucson, AZ. We are currently recruiting another 
general radiologist with fellowship training in angio/ 
interventional. This individual will be employed with 
3 yr to full partnership. Individual is to be based 
primarily at Tucson Medical Center, the largest 
hospital covered by our practice. Currently TMC has 
the greatest load of interventional cases. Cross- 
coverage of advanced cases at other hospitals will 
be shared by this person and the other radiologists 
with advanced interventional skills as needed (for 
example when cross-coverage is needed to cover 
an interventionalist who is on vacation). General 
radiology including CT, ultrasound, and MRI is also 
to be performed by this individual as part of core 
responsibilities. If interested, send CV to Robert O. 
Broome, M.D., Radiology, Ltd., 6516 E. Carondelet 
Dr., Tucson, AZ 85710. 2—4ap 
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FAIRBANKS, AK—Four diagnostic radiologists seek 
fifth partner for diversified practice including general 
radiology, ultrasound, nuclear medicine, MRI (GE 
1.5-T), and CT (GE 9800). Hospital and office 
practice. Desirable life-style advantages in a univer- 
sity town. Unlimited access to the outdoors. Excel- 
lent salary, benefits, retirement, and vacation. One 
yr to full partnership. Contact Douglas Hutchinson, 
M.D., 1919 Lathrop #5, Fairbanks, AK 99701; (907) 
452-5092. 2-7ap 


DIRECTOR OF BREAST IMAGING—The Brigham 
and Women’s Hospital/Harvard Medical School, 
Dept. of Radiology, is seeking a full-time diagnostic 
radiologist to head the Breast Imaging Section. This 
hospital-based facility has 4 mammographic rooms, 
2 with ultrasound. In addition, there isamammo-test 
unit for performance of large core breast biopsies. 
More than 12,000 mammograms, 1,000 preoperative 
wire localizations, 500 guided aspirations, and 150 
core biopsies are performed annually. This wealth 
of clinical material coupled with an excellent clinical 
staff provides unlimited opportunity for collaborative 
Clinical investigation. Candidates must have board 
certification. Please contact Jack E. Meyer, M.D., 
Director of Diagnostic Radiology, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA 02115; 
(617) 732-6269. Brigham and Women’s Hospital/ 
Harvard Medical School is an affirmative action/ 
equal opportunity educator and employer. 2—7a 


RADIOLOGIST—Active/affiliated VA Medical Cen- 
ter seeks BC/BE radiologist for diagnostic radiologic 
work. Full, unrestricted license and current registra- 
tion. Salary based on qualification. Excellent fringe 
benefits. Contact David Harshfield, M.D., VA Medi- 
cal Center, 4300 W. 7th St., Little Rock, AR 72205; 
(501) 661-1202, ext. 2009. EOE. 2a 


ULTRASOUND/CT/MRI—Opportunity for board- 
certified radiologist specializing in ultrasound, body 
CT, and body MRI to pursue academic career at the 
New York Hospital-Cornell Medical Center. Dept. 
provides state-of-the-art equipment, including 
Acuson and ATL ultrasound, GE 9800 CT, and GE 
Signa 1.5-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrectal. 
Prefer candidate with prior fellowship in sectional 
imaging or ultrasound. Responsibilities include clini- 
cal practice, teaching, and research. Position avail- 
able 7/1/92. Please send CV to Elias Kazam, M.D., 
Dept. of Radiology, New York Hospital-Cornell Medi- 
cal Center, 525 E. 68th St., New York, NY 10021. 2- 
5a 


PHYSICIAN/RADIOLOGIST—Full-time opening for 
board-certified radiologist in a desirable southern 
New Jersey shore location. This is an active, chal- 
lenging, expanding hospital and office-based prac- 
tice. Must have training in CT, ultrasound, and 
nuclear medicine. Position available immediately. 
Send CV to RABC, P. O. Box 729, Mt. Holly, NJ 
08060. 2—5ap 


PHYSICIAN/RADIOLOGIST—Large radiology 
group with multiple private offices seeks a board- 
certified radiologist interested in a full-time position. 
Responsibilities include general radiography. Spe- 
cial training in CT, ultrasound, MRI and/or nuclear 
medicine is preferred. Excellent southern New 
Jersey location. Competitive salary and benefit 
package. Position available immediately. Send CV 
to RABC, P. O. Box 729, Mt. Holly, NJ 08060. 2—5ap 


DIAGNOSTIC RADIOLOGIST—Suburban Boston, 
270-bed hospital, with new Siemens Impact MRI, 
seeks board-certified radiologist with MRI training. 
Position also includes general diagnostic, CT, ultra- 
sound, and nuclear medicine. Contact J. Fernandes, 
M.D., Dept. of Radiology, Cardinal Cushing General 
Hospital, 235 N. Pearl St., Brockton, MA 02401; 
(508) 588-4000, ext. 1106. 2ap 


CLASSIFIED ADVERTISEMENTS 


PARTNERSHIP POSITION IN PALM SPRINGS, 
CA—Well-established, 9-member group has open- 
ings for 2 board-certified radiologists. A physician 
with a strong background in MRI is sought as direc- 
tor of the section of MRI. The other position requires 
a physician with mammography experience to direct 
imaging in the breast health section of a new com- 
prehensive cancer center. The group covers a 350- 
bed hospital and 2 offices in a desirable, rapidly 
expanding area of southern California. MRI facilities 
include 1.5-T Picker Vista HPQ with MRA package, 
ViStar imaging computer, and 1.5-T GE Signa. Other 
equipment includes 3 CT’s, a Cemax image proces- 
sor, 2 Acuson color-flow Doppler ultrasound, 4 
nuclear cameras including 2 SPECT, and all other 
diagnostic modalities. Ground has just been broken 
on a new 25,000 sq. ft. radiology wing, that will be 
furnished with state-of-the-art equipment. New 
trauma center, cancer center, and rehab hospital 
being built. Excellent compensation and benefits 
package leading to full partnership. Beaches and 
large-city amenities of Los Angeles only 2 hr away. 
Yr-round sunny weather. Ample free time to enjoy 
southern California and the unparalleled recreational 
opportunities offered by the resort community of 
Palm Springs. Direct inquiries to Marvin J. 
Friedenberg, M.D., Desert Hospital, Dept. of Radiol- 
ogy, 1150 N. Indian Canyon Dr., Palm Springs, CA 
92262. 2xa 


SOUTHERN OREGON—Oppontunity for BC/BE, 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all mo- 
dalities desired. Practice includes 2 hospitals and 
own private office. Competitive starting salary with 
early full partnership. Excellent lifestyle with many 
outdoor activities from Pacific Coast to Oregon Cas- 
cades. Send CV to Larry Strickland, Administrator, 
Roseburg Radiologists, P.C., P. O. Box 1547, 
Roseburg, OR 97478. 2-5ap 


CHIEF, NUCLEAR MEDICINE SERVICE—The 
Dept. of Radiology, University of Arkansas for Medi- 
cal Sciences, Little Rock, AR, invites applications for 
Chief, Nuclear Medicine Service. We seek an indi- 
vidual with academic track faculty background to 
direct teaching, research, and clinical care pro- 
grams. To qualify for appointment, candidate should 
have M.D. degree, board certification in nuclear 
medicine, and the desire to head a medical school 
section. Teaching and administrative experience 
are desirable. Salary is based on academic rank, 
and a generous benefits package is provided. Ad- 
dress inquiries, along with a current CV to Teresita 
L. Angtuaco, M.D., Director, Division of Imaging, 
Dept. of Radiology, University of Arkansas for Medi- 
cal Sciences, Slot 581, 4301 W. Markham St., Little 
Rock, AR 72205; (501) 686-6652. The University of 
Arkansas for Medical Sciences is an affirmative 
action/equal opportunity employer. 2a 


PASADENA, CALIFORNIA—Immediate opening 
for a BC/BE radiologist. Busy outpatient imaging 
center including mammography, ultrasound, CT, 
and MRI. Call Terry Becker, M.D. at (818) 793-8189. 
2—5ap 


INTERVENTIONAL RADIOLOGIST—The Dept. of 
Radiology of SUNY School of Medicine at Stony 
Brook is seeking a second interventional radiologist 
for an increasing range and volume of procedures at 
University Hospital, a 540- bed, tertiary-care center 
on the highly desirable North Shore of Long Island, 
60 mi. from New York City. Highly competitive 
salary. Send CV to Donald P. Harrington, M.D., 
Professor and Chairman, Dept. of Radiology, School 
of Medicine, Health Sciences Center, SUNY at Stony 
Brook, Stony Brook, NY 11794. SUNY, Stony Brook 
is an affirmative action/equal opportunity employer. 
2ap 
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RADIOLOGIST—St. Louis Regional Medical Cen- 
ter seeks a staff radiologist for our growing dept. We 
perform 70,000 exams annually in a teaching hospi- 
tal with an extensive clinic system. Contact Charles 
Cherre, M.D., Radiology Dept., 5535 Delmar Blvd., 
St. Louis, MO 63112; (314) 879-6363. 2ap 


DISCOVER WYOMING—Two young BC radiolo- 
gists seek a third, recently trained BC/BE radiologist 
to join a growing, independent practice in a modern, 
100-bed hospital. 27,000 procedures are performed 
annually including full-service ultrasound, nuclear 
medicine with SPECT, mammography, CT, and 
mobile MRI. Limited angiography and interventional 
procedures. No competing radiology groups, HMO’s, 
or PPO’s. Strong financial package with benefits 
including 8 wk off/yr and full partnership at 2 yr. The 
hospital is located in a high mountain desert commu- 
nity of 20,000 in southwestern Wyoming with popu- 
lation of 50,000 served. There is a 2-yr community 
college and superb outdoor and indoor community 
recreation facilities. School systems are ranked ex- 
cellent nationally. Located 3 hr east of Salt Lake 
City. The surrounding area is ideal for outdoor 
interests such as skiing, backpacking, hunting, boat- 
ing, and fishing with accessibility to Flaming Gorge 
Recreational area and the Uintah, Wind River, and 
Teton Mountains. Please reply with CV to William R. 
Compton, M.D., Sweetwater Radiology, P.C., 1208 
Hilltop Dr., #203, Rock Springs, WY 82901; (307) 
382-4832. 2—5ap 


NUCLEAR MEDICINE PHYSICIAN—Active, affili- 
ated VA Medical Center is seeking a BC/BE physi- 
cian to join our nuclear medicine staff. Competitive 
salary and benefits. Excellent location. Diverse 
outdoor recreational opportunities. Send resume to 
E. J. Towbin, M.D., Ph.D., Chief of Staff, VA Medical 
Center, 4300 W. 7th St., Little Rock, AR 72205; 
(501) 661-1202, ext. 2092. EOE. 2a 


RADIOLOGIST, HOUSTON, TX—Large, well-es- 
tablished multispecialty group is seeking a full-time, 
BC radiologist due to growth in practice. Group 
consists of over 100 physicians, including 8 radiolo- 
gists. In addition to plain film interpretation, the 
practice includes fluoroscopy, urography, 
tomography, ultrasound, mammography, andCT. A 
4'/2-day work wk and no call gives you the time to 
enjoy the variety of activities Houston has to offer. 
We provide excellent benefits, including malpractice 
with tail coverage, and a very competitive financial 
package. Interested candidates should send CV to 
MacGregor Medical Association, 2550 Holly Hall, 
Houston, TX 77054, Attn. Professional Relations 
Specialist; (713) 741-2273, ext. 4408. 2-3ap 


RADIOLOGIST—We are seeking a radiologist, with 
strong interest in new techniques and teaching, to 
lead the mammographic program in a separate 
mammography section with state-of-the art equip- 
ment. Opportunity exists to collaborate with Jack 
Wennberg of Outcomes Research. We are also 
seeking a senior assistant at full professor level to be 
amember of a200-physician academic multispecialty 
group that forms the clinical faculty of Dartmouth 
Medical School. The dept. consists of 18 staff, 12 
residents, 2 fellows, with a full range of modern 
radiologic practice equipment at a new 420-bed 
medical center. Write to Peter K. Spiegel, M.D., 
Chairman, Dept. of Diagnostic Radiology, Dartmouth- 
Hitchcock Medical Center, One Medical Center, Dr., 
Lebanon, NH 03756. AAEOE. 2a 


DIAGNOSTIC RADIOLOGiST—A 3-member radi- 
ology group seeks a fourth radiologist with 
interventional skills to join them in a suburban com- 
munity hospital practice in northern Ohio, 20 min 
from the boating and fishing pleasures of Lake Erie 
and its islands. Interested applicants please call or 
write to Dr. Matthew F. Gutowicz, Jr., 23 Patrician 
Dr., Norwalk, OH 44857; (419) 668-8101 ext. 6205 
or 6208. 11—4ap 
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VASCULAR/INTERVENTIONAL RADIOLOGIST, 
LONGISLAND, NY—Board-certified radiologist with 
fellowship training or equivalent experience in vas- 
cular/interventional radiology needed to join a 5- 
member group starting July 1992. Angio suite 
currently being upgraded to latest state-of-the- art 
equipment. Must be willing to do most aspects of 
diagnostic radiology. This well-established practice 
includes a 325-bed community hospital, a private 
diagnostic radiology office, and a 1-yr-old MRI facil- 
ity. Generous salary leading to full partnership. 
Contact Ira Langer, M.D., 250 Hospital Rd., 
Patchogue, NY 11722; (516) 475-1030. 2ap 


ANGIOGRAPHER/INTERVENTIONAL RADIOLO- 
GiST—Are you at a career crossroads? A 1-yr 
position is available at a nationally recognized insti- 
tution in the Washington, DC, area for a board- 
certified, fellowship-trained angiographer beginning 
July 1, 1992. This position may be particularly 
attractive to graduating fellows, individuals consid- 
ering relocating to this highly desirable geographic 
local, or persons seeking a position for a sabbatical 
yr. Reply in confidence with CV to Box B22, AJR 
(see address this section). 2—-3a 


TRAUMA RADIOLOGIST—The State University of 
New York Health Science Center at Brooklyn seeks 
to add a board-certified/eligible radiologist to join the 
division of traumatology at Kings County Hospital 
Center, a 1300-bed, tertiary facility/Level | Trauma 
Center with an international reputation in trauma 
services. The radiologist is an integral member of 
the trauma service of the Dept. of Surgery. Oppor- 
tunities to join ongoing clinical investigations of the 
use of radiography, CT, angiography/interventional 
radiology, and ultrasound in the trauma patient are 
available. Academic rank and salary are commen- 
surate with experience. CV should be addressed to 
Salvatore J. A. Sclafani, M.D., Dept. of Radiology, 
Kings County Hospital Center, 451 Clarkson Ave., 
Brooklyn, NY 11203. An EO/AA employer. 2ap 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGIST—The State University of New York 
Health Science Center at Brooklyn seeks a board- 
certified/eligible radiologist with fellowship training 
in interventional radiology for a faculty position. The 
institution is a 1700-bed facility, including the Kings 
County and the State University Hospitals. The 
medical center performs approximately 2000 diag- 
nostic and interventional procedures including 
angioplasty, embolization, caval filter, gastrointesti- 
nal, genitourinary, and pulmonary interventions. 
When ongoing renovations are complete, there will 
be 5 new vascular digital rooms. Research time and 
facilities are available. Rank and salary are com- 
mensurate with qualifications. CV should be ad- 
dressed to Salvatore J. A. Sclafani, M.D., Kings 
County Hospital Center, Dept. of Radiology, 451 
Clarkson Ave., Brooklyn, NY 11203; (718) 245- 
4447. An EO/AA. 2ap 


VETERANS AFFAIRS MEDICAL CENTER, AU- 
GUSTA, GA is seeking a physician, board-eligible/ 
certified in radiology. Subspecialty interest in chest, 
skeletal, GI, or interventional radiology is desirable 
but not essential. This 1142-bed, tertiary-care medi- 
cal center is affiliated with the Medical College of 
Georgia. Faculty appointment commensurate with 
qualifications and experience. Augusta enjoys a 
moderate climate, reasonable cost of living, numer- 
ous recreational facilities, and institutions of higher 
learning. An equal opportunity employer. For addi- 
tional information, contact George T. Jamarik, M.D., 
Chief, Radiology Service, (404) 823-2236. 2a 


BOSTON—Expanding private-practice group. No 
night or evening call. Need experience in 
mammography. Great lifestyle. Salary leading to 
equal partnership. Send letter and CV to Box E49, 
AJR (see address this section). 11—4a 
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POSITION AVAILABLE AT LOUIS A. WEISS ME- 
MORIAL HOSPITAL, a 372-bed affiliate of the Uni- 
versity of Chicago. Facilities include 2 new Acuson 
ultrasound machines and a GE Highlight Advantage 
CT. Both inpatient and outpatient areas are being 
redesigned. Applicants should have broad experi- 
ence in general diagnostic radiology and 
angiography. An interest in teaching or research 
would be advantageous. The successful applicant 
will be appointed to the faculty at the University of 
Chicago. Academic rank and compensation com- 
mensurate with experience. Candidate should be 
board- certified and licensed to practice in IL. Inter- 
ested parties should send their CV or phone James 
Chambliss, M.D., Dept. of Radiology, Weiss Memo- 
rial Hospital, 4646 N. Marine Dr., Chicago, IL 60640; 
(312) 878-8700. The University of Chicago is an 
equal opportunity/affirmative action employer. 2- 
4ap 


SEATTLE AREA associate desired for 4 ACR- 
accredited breast centers. General ultrasound (heavy 
OB-GYN). Position leads to partnership. Fellowship 
or extensive experience in mammography and/or 
ultrasound desirable. Superb opportunity for ambi- 
tious, board-certified radiologist. Contact Irwin 
Schiller, D.O., or Colin J. Wells, M.D., Breast Diag- 
nostic Centers, 411 Strander Blvd., #303, Seattle, 
WA 98040; (206) 575-9123. 1—-3ap 


CALIFORNIA SIERRA NEVADA FOOTHILLS— 
General radiology position with emphasis on imag- 
ing. Progressive radiology group looking for fourth 
BC/BE partner with MRI training. 124-bed, commu- 
nity hospital and private office practice. All imaging 
modalities, including nuclear medicine, ultrasound, 
CT, mammography, and some angiography and 
interventional. Growing northern California commu- 
nity. Send CV to Box A10, AJR (see address this 
section). 1—-3ap 


IMMEDIATE OPENING IN THE SEATTLE AREA— 
Diagnostic radiologist seeks BC/BE associate to join 
private conventional radiology outpatient practice. 
Early buy-in possible. Modern equipment in com- 
fortable, established surroundings. Good referring 
physician base. Call (206) 283-8144 for further 
information. 1-—2a 


THE RADIOLOGY DEPT. AT THE CHILDREN’S 
HOSPITAL OF PHILADELPHIA is seeking a full- 
time, board-certified, pediatric radiologist to begin 
July 1, 1992. The successful candidate will have 
completed a pediatric radiology fellowship and have 
2 or more yr of experience in pediatric sectional 
imaging, including MRI. Please contact Kenneth E. 
Fellows, M.D., Radiologist-in-Chief, The Children’s 
Hospital of Philadelphia, 34th St. and Civic Center 
Bivd., Philadelphia, PA 19104. The Children’s Hos- 
pital of Philadelphia and University of Pennsylvania 
are equal opportunity/ affirmative action employers. 
1-3a 


COASTAL NORTHERN CALIFORNIA/SAN FRAN- 
CISCO BAY AREA—A progressive, diversified 
group of 16 board-certified diagnostic radiologists, 5 
radiation oncologists, and 2 medical oncologists 
seeks a board-eligible/ certified radiologist with some 
training in MRI and/or neuroradiology. The group 
serves 4 small- to medium-sized hospitals and a 
large outpatient imaging center. The imaging center 
includes a GE 1.5-T MRI, 9800 Advantage CT, and 
Acuson ultrasound, as wellas CGR mammography, 
and 3 RF rooms. Competitive salary, 2 yr to full 
partnership, and excellent benefits. Fast-growing, 
suburban community 50 min north of downtown San 
Francisco with sunny Mediterranean climate and 
very mild winters in the heart of the wine country. 
Excellent outdoor recreational opportunities. Please 
send initial inquiry and CV to John J. McGovern, 
M.D., 121 Sotoyome St., Santa Rosa, CA 95405; 
(707) 546-4062. 9-2ap 
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NORTHERN CALIFORNIA—Seeking a radiologist 
who desires a semiretirement type of practice in 
central northern California in a geographic location 
equidistant from the San Francisco Bay area, Carmel- 
Monterey Peninsula, and Yosemite and Sierra ski 
areas. Full-time radiologist wishes to share practice 
and provide equal, bountiful time-off periods for 
travel, leisure, and relaxation. Cal! (209) 667-0216 
after 6:00 p.m. (PST). 1—4ap 


COME TO CALIFORNIA WITH A LICENSE FROM 
ANY STATE—Loma Linda VA Hospital has posi- 
tions available for a board-certified/eligible 
neuroradiologist and a general diagnostic radiolo- 
gist. A current license from any state is acceptable. 
Loma Linda is located 70 mi. east of Los Angeles 
near beaches, mountain ski resorts, and southland 
theme parks. This is a 500-bed, full- service hospital 
with a comprehensive diagnostic facility including 
ultrasound, CT, and MRI integrated with Loma Linda 
University Medical Center Residency Training Pro- 
gram. Opportunities to pursue clinical or academic 
interests. For additional information contact Peter 
Dure-Smith, M.D., Chief, Radiology (114), Jerry L. 
Pettis Memorial Veterans Hospital, 11201 Benton 
St., Loma Linda, CA 92357; (714) 422-3069; telefax 
(714) 422-3106. Equal opportunity employer. 1—3a 


DIAGNOSTIC RADIOLOGIST with skills in CT, MR, 
interventional, ultrasound, and nuclear medicine 
needed to join group of 17 board-certified radiolo- 
gists. Practice is located in southwestern Ohio and 
provides services at 2 500-bed hospitals, an imag- 
ing center, and a private office. Excellent salary, 
vacation, and benefits leading to early partnership. 
Send inquiries with CV to Michael R. Carroll, M.D., 
Medical Radiologists, Inc., 111 W. First St., Ste. 918, 
Dayton, OH 45402. 2xa 


THE DEPT. OF RADIOLOGY AT BROOKE ARMY 
MEDICAL CENTER, SAN ANTONIO, TX, is recruit- 
ing academic radiologists for several divisions of the 
dept., including ultrasound, chest, skeletal, 
neuroradiology, general diagnostic, interventional 
radiology, and mammography. Our dept. offers a 
fully accredited residency program with 24 residents 
and 16 attending full-time staff. Numerous consult- 
ants from across the country lecture on a continuing 
and regular basis. The hospital is a modern, tertiary- 
care center serving Texas, Oklahoma, and Louisi- 
ana. Astrong residency program, interesting patient 
population, excellent equipment, teleradiology and 
digital radiology implementations underway, coupled 
with a south Texas lifestyle are positive aspects of 
the practice. Academic credentials and/or experi- 
ence are necessary. Recently graduated fellows 
are encouraged to apply. Board certification is 
mandatory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. Salary 
and benefits are competitive and generous. Brooke 
is an EO/EEO employer. Please contact Dr. Billy E. 
Cunningham, COL, MC, Assistant Chief, Dept. of 
Radiology, Brooke Army Medical Center, Fort Sam 
Houston, TX 78234-6200; (512) 221-8418/8218. 8- 
7a 


A40-PHYSICIAN MULTISPECIALTY CLINIC, serv- 
ing central and western Kansas, seeks a second 
board-eligible/certified radiologist. Excellent facili- 
ties include diagnostic x-ray, CT scan, diagnostic 
ultrasound, nuclear medicine, and MR services. 
Very competitive salary and benefits. No night or 
weekend call. An excellent opportunity in a dynamic 
practice setting. Please send CV to Administrator, 
Hutchinson Clinic, 2101 N. Waldron, Hutchinson, 
KS 67502: or call collect (316) 669-2626. Position 
open immediately. 1—2ap 
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CHEST RADIOLOGIST, THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—The Dept. of Radiology 
at Jefferson has an opening for a thoracic radiologist 
at either the junior or senior level. The position 
encompasses plain film radiography, CT, and per- 
cutaneous thoracic interventions. Involvement in 
mammography, other general diagnostic areas, and 
ultrasound can also be incorporated, depending on 
the interests of the candidate. Dedicated, nonclinical 
research time is provided, and the dept. has excel- 
lent research facilities and support. Our chest radi- 
ology practice is expanding rapidly and close work- 
ing relationships are maintained with pulmonary 
medicine and thoracic surgery. Teaching is also 
emphasized, with a large residency program anda 
thoracic radiology fellowship. Excellent faculty in- 
come and benefits. This is a fine opportunity for a 
radiologist with academic interests to join a dynamic 
and rapidly growing dept. Interested candidates 
should contact David C. Levin, M.D., Chairman, 
Dept. of Radiology, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107; (215) 955-7264. 
Jefferson is an equal opportunity/affirmative action 
employer. 2xa 


OREGON—Opportunity for BC/BE radiologist to 
join 7 BC radiologists in growing practice in the 
Portland metropolitan area. Training/expertise in all 
aspects of radiology including MRI is required. The 
practice includes 2 suburban hospitals, an outpa- 
tient clinic, and a new multimodality outpatient imag- 
ing clinic. Competitive compensation with generous 
fringe package and partnership in 2 yr. Send letter 
and CV to Jon C. Sewell, M.D., P. O. Box 227, 
Oregon City, OR 97045; (503) 655-1439. 2xa 


IMMEDIATE OPENING FOR BC/BE GENERAL 
RADIOLOGIST with experience in interventional 
and vascular radiology. Join a group of 4 radiolo- 
gists in a 160-bed hospital located in Allentown, PA, 
about 60 mi. northwest of Philadelphia. The daily 
practice includes all aspects of general radiology, 
CT, ultrasound, and nuclear medicine. Please call 
or send CV to Asad Shohadai, M.D., Allentown 
Osteopathic Medical Center, 1736 Hamilton St., 
Allentown, PA 18104; (215) 770-8700. 2xa 


THE RADIOLOGY DEPT. AT DWIGHT DAVID 
EISENHOWER ARMY MEDICAL CENTER is re- 
cruiting academic radiologists. The dept. provides a 
full range of services including angiography, ultra- 
sound, CT (with anew GE 9800 Advantage system), 
and MRI (with a new 1.5-T GE Signa system). 
Development is underway for the installation of a 
digital teleradiology link to area medical facilities. 
The dept. is also beginning a radiology residency 
program in affiliation with the program at the Medical 
College of Georgia in Augusta. With this growth, the 
dept. has generated a need for several academic 
diagnostic radiologists. Board-certified diagnostic 
radiologists with academic credentials and/or expe- 
rience are urged to apply. Fellowship training is 
desired, especially in interventional radiology and/or 
angiography, however candidates at all levels will be 
considered. Candidates should be particularly inter- 
ested in patient care, teaching, and research. The 
medical center is located on Fort Gordon, GA, adja- 
cent to Augusta, and is the tertiary-care hospital 
supporting 9 Army community hospitals of the south- 
eastern region and Puerto Rico. The hospital sup- 
ports fully accredited residency programs in family 
practice, general surgery, medicine, orthopedics, 
pathology, and psychiatry. Salary and benefits are 
competitive and generous. The medical center is an 
EO/EEO employer. Please contact Dr. Thomas M. 
Ralston, LtC., Chief, Radiology Dept., Eisenhower 
Army Medical Center, Fort Gordon, GA; (404) 791- 
6245. 8-7a 
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FACULTY RADIOLOGIST, BODY MRI DIVISION, 
THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—The Dept. of Radiology at Thomas Jefferson 
University Hospital has an opening for a radiologist 
in an active, body MRI section that encompasses a 
Clinical mix of approximately 50% musculoskeletal 
and 50% chest/abdomen/pelvis cases. Equipment 
includes 4 1.5-T GE Signa systems with state-of- 
the-art and advanced prototype hardware and soft- 
ware. A full-yr body MRI fellowship and/or 1 yr of 
academic MRI experience is preferred. Clinical 
cross coverage in ultrasound and/or general radiol- 
ogy also can be incorporated depending on the 
interests and qualifications of the candidate. Dedi- 
cated, nonclinical research time is provided, and the 
dept. has excellent research facilities and support, 
including 2 MRI physicists, a radiology animal facil- 
ity, radiology research funding, and a team of re- 
search assistants. Excellent faculty incomes and 
benefits are offered within a financially secure dept. 
and university hospital. This is a unique opportunity 
for an academically oriented MRI radiologist to join 
a dynamic and rapidly growing dept. Interested 
candidates should contact Donald G. Mitchell, M.D., 
Director of MRI, Dept. of Radiology, 1032 Main 
Bldg., Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107; (215) 955-4809. Jefferson is an 
equal opportunity/affirmative action employer. 2xa 


SAN FRANCISCO BAY AREA, DIAGNOSTIC 
RADIOLOGY—Full-time position available as of 
July 1992 for BC/BE radiologist to join established 
group based in growing SF Bay area communities. 
Competence in all modalities including MRI and 
angiography required; fellowship training desirable. 
Contact J. Fish, M.D., c/o Walnut Creek Radiology, 
1844 San Miguel Dr., #302, Walnut Creek, CA 
94596; (510) 947-0560. 2—4xa 


ISRAEL, DIAGNOSTIC RADIOLOGY—Opportuni- 
ties for 3-4 wk or longer working vacations in a 
number of Israeli medical centers, on a volunteer 
basis. Positions varied, arrangements flexible. For 
information contact Jonathan H. Fish, M.D., 1844 
San Miguel Dr., #302, Walnut Creek, CA 94596; 
(510) 947-0560. 2-4xa 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept., including ultrasound, chest radiology, skel- 
etal, neuroradiology, general diagnostic radiology, 
MRI, interventional radiology, and mammography. 
Our dept. offers a fully accredited residency pro- 
gram with 21 residents and 16 attending full-time 
staff. Numerous consultants from across the coun- 
try lecture on a continuing and regular basis. The 
hospital is a modern, tertiary-care center serving 
Hawaii and the entire Pacific Basin. A strong resi- 
dency program, diverse and interesting patient popu- 
lation, excellent equipment, and tropical lifestyle are 
positive aspects of the practice. Academic creden- 
tials and/or experience are necessary. Recently 
graduated fellows are encouraged to apply. Board 
certification is mandatory. Candidates should be 
particularly interested in patient care, teaching, and 
research. Salary and benefits are competitive and 
generous. Tripler is an EO/EEO employer. Please 
contact Dr. Mark F. Hansen, Col, MC, Chief, Dept. of 
Radiology, TAMC, HI 96859-5000; (808) 433-6393. 
7-6a 


A MULTISPECIALTY MEDICAL GROUP has an 
immediate need for a radiologist. Excellent benefit 
package, guaranteed salary with incentive, all ex- 
penses paid first yr, with partnership opportunity for 
the future. Direct inquiries or send CV to Penny 
Phillips, Malone and Hogan Clinic, 1501 W. 11th PI., 
Big Spring, TX 79720; (915) 267-6361. 10-3a 
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NORTHERN CALIFORNIA—The Permanente 
Medical Group, Inc., is seeking a BC radiologist with 
multimodality interests and fellowship training in MR 
to join a 12-person group serving a 337-bed, acute- 
care hospital and 2 outpatient clinics. Teaching 
opportunities are available with residents of 
subspecialty services on rotation from Stanford 
University Hospital, as well as our own medical 
residents. We have sited a GE 1.5-T MRI system. 
Competitive salary and excellent benefits. Please 
send inquiries and CV to Bruce Baker, M.D., Chief, 
Dept. of Radiology, Kaiser Permanente Medical 
Center, 900 Kiely Blvd., Santa Clara, CA 95051; 
(408) 236-4444. EOE. 12-2a 


THE DEPT. OF RADIOLOGY AT WALTER REED 
ARMY MEDICAL CENTER is recruiting academic 
radiologists. We need board-certified radiologists to 
work in this famous and modern health-care center. 
Our dept. has a residency program consisting of 24 
residents and several fellows. Subspecialists are 
needed in ultrasound, chest, mammography, geni- 
tourinary, gastrointestinal, pediatric, CT, MRI, and 
interventional radiology, as well as general radiol- 
ogy. Excellent opportunity to live in the nation’s 
capital and also become an integral part of a large 
teaching program. Salaries are competitive and 
generous. Highly motivated applicants should con- 
tact Col. Mark F. Hansen, Radiology Consultant to 
the Army Surgeon General, Dept. of Radiology, 
TAMC, HI 96859-5000; (808) 433-6393. 8-7a 


DIAGNOSTIC RADIOLOGIST with skills in CT, MR, 
interventional, ultrasound, and nuclear medicine 
needed to join group of 8 board-certified radiolo- 
gists. Growing practice in eastern Washington at a 
228-bed hospital, a new multimodality imaging cen- 
ter, and 2 private offices. Potential for long-term 
practice is excellent. Top-notch school system, 
including 3 first-rate universities. Excellent hunting, 
fishing, boating, and skiing. Contact L. E. Crecelius, 
M.D., N. 5901 Lidgerwood, Ste. 18B, Spokane, WA 
99207; (509) 482-2385. 2xa 


THE DIVISION OF NUCLEAR MEDICINE—Oregon 
Health Sciences University, Portland, Oregon, in- 
vites applications for a faculty position available 
immediately either part-time in nuclear medicine or 
full-time divided between nuclear medicine and an- 
other division of diagnostic radiology. Position re- 
quires that the radiologist be certified by either the 
American Board of Radiology (special competence 
in nuclear radiology) and/or the American Board of 
Nuclear Medicine. Send CV and references to 
William Weidner, M.D., Chairman, Diagnostic Radi- 
ology, UHN-72, Oregon Health Sciences University, 
Portland, OR 97201-3098. OHSU is an affirmative 
action equal opportunity employer. 1—4a 


CHEST/BREAST IMAGING RADIOLOGIST—The 
Dept. of Radiology of the University of Miami School 
of Medicine is seeking an academic radiologist with 
subspecialty training or equivalent experience and 
interest in all aspects of chest imaging including CT, 
MR, ultrasound, and interventional procedures. Simi- 
lar expertise in breast imaging including 
mammography, ultrasound, and needle localization 
required. The University of Miami/ Jackson Memo- 
rial Medical Center is a tertiary-referral and level | 
trauma center that will soon be opening a state-of- 
the-art breast center. Extensive teaching is involved 
and an interest in clinical research is assumed. 
Board-certification and eligibility for, or licensure by 
the state of Florida is required. Academic rank and 
compensation commensurate with qualifications. 
Interested parties should forward CV to C. A. Poole, 
M.D., Professor and Chairman, Dept. of Radiology 
(R-308), P. O. Box 016960, Miami, FL 33101. The 
University of Miami is an equal opportunity/affirma- 
tive action employer. 1—5a 
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TRAUMA RADIOLOGISTS—The Dept. of Radiol- 
ogy of the University of Miami School of Medicine is 
recruiting for trauma radiologists to staff a new, 
state-of-the-art trauma center opening in the spring 
of 1992. The unit will be a self-contained facility 
within the Jackson Memorial Medical Center, a 
1500-bed tertiary facility and level | trauma center. 
Candidates must be board-certified with fellowship 
training and/or experience in the management of the 
trauma patient, including the use of radiography, 
ultrasound, CT, angiography, and interventional pro- 
cedures. Skill in teaching, interest in clinical re- 
search, and licensure to practice medicine in the 
state of Florida required. Academic rank and com- 
pensation commensurate with qualifications. Appli- 
cants should send CV to C. A. Poole, M.D., Profes- 
sor and Chairman, Dept. of Radiology (R-308), 
University of Miami School of Medicine, P. O. Box 
016960, Miami, FL 33101. The University of Miami 
is an equal opportunity/affirmative action employer. 
1-5a 


CENTRAL MAINE, PART-TIME—General radiolo- 
gist wanted to supplement dynamic, congenial, 5- 
person group in new hospital dept. Work 30 wk, no 
weekends. Live in 4-season recreation area close to 
coast and mountains with time to enjoy them. Com- 
petitive salary and benefits. Contact Peter Rutherford 
(207) 786-3571. 1-3ap 


IMMEDIATE OPENING FOR BC/BE DIAGNOSTIC 
RADIOLOGIST, for night call and weekend work, to 
join a 2-member P.C. in a 220-bed community 
hospital, Birmingham, Alabama, area. Home video 
telemetry provided with few night calls. Ultrasound, 
CT, nuclear medicine, rare angiogram or 
interventional procedure, and general diagnostic 
radiology. No MRI. Negotiable, competitive salary 
with excellent benefits, insurance, and retirement 
plan. Full partnership potential. Contact Charles 
Baker, M.D., 2650 Altadena Rd., Birmingham, AL 
35243; (205) 481-7193. 1—4ap 


DALLAS, TX—A 12-member, subspecialty group 
seeks a board-certified, general radiologist for an 
immediate opening. Fellowship training preferred, 
but will consider qualified individual with special 
expertise. CT/ultrasound, MRI, nuclear medicine, or 
angiography background particularly helpful. All 
imaging modalities available (state-of-the-art CT, 
angio, ultrasound, R&F, SPECT, nuclear medicine, 
and MRI center). Salary and bonuses are excellent. 
Health and malpractice paid. No buy-in to partner- 
ship. Send CV to H. Stuart Peake, M.D., P. O. Box 
814129, Dallas, TX 75381; (214) 888-7055. 11—4ap 


ONCOLOGIC RADIOLOGY/MAMMOGRAPHY— 
The Dana-Farber Cancer Institute and Brigham and 
Women's Hospital, teaching affiliates of Harvard 
Medical School, seek a full-time diagnostic radiolo- 
gist with interests in oncologic radiology and 
mammography. The 2 hospitals are in close proxim- 
ity and the radiology dept. at the Dana-Farber Can- 
cer Institute is staffed by Brigham and Women's 
Hospital faculty and residents. The Dana-Farber 
Cancer Institute is one of the world’s leading cancer 
treatment and research facilities and many opportu- 
nities exist for collaborative clinical research in can- 
cer imaging. Please contact Jack E. Meyer, M.D., 
Director of Diagnostic Radiology, Brigham and 
Women’s Hospital and Dana-Farber Cancer Insti- 
tute, 75 Francis St., Boston, MA 02115; (617) 732- 
6269. Brigham and Women’s Hospital/Dana-Farber 
Cancer Institute/Harvard Medical School is an affir- 
mative action/equal opportunity educator and em- 
ployer. 9-2a 
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PEDIATRIC RADIOLOGY POSITION—The Dept. 
of Radiology, Children’s Medical Center and The 
University of Texas Southwestern Medical Center, 
is seeking a fellowship-trained, pediatric radiologist 
for entry at an associate or assistant professor level. 
Applicants should be interested in expanding their 
areas of expertise and interest into high-tech imag- 
ing modalities. Children’s Medical Center is a 263- 
bed, tertiary-referral hospital for Texas and the re- 
gional states. Last yr the hospital had 7700 admis- 
sions and over 112,000 outpatient visits. The hos- 
pital has a busy transplant service including heart, 
liver, and kidney with referrals from across the 
United States and South America. There is an active 
neurosurgical service that had over 44 children with 
primary brain tumors referred in over the past yr in 
addition to a large practice of children with congeni- 
tal anomalies. The hematology-oncology team has 
7 full-time physicians and a 5-day-a-wk Clinic. The 
cardiology-cardiothoracic surgery service sees a 
wide range of complex congenital heart disease. 
The hospital has a busy pediatric surgery service in 
addition to general and subspecialty pediatric ser- 
vices staffed by private and university-affiliated pe- 
diatricians. The radiology dept. has state-of-the-art 
equipment including a Philips 0.5-T MRI which has 
MRA, cardiac, and 3D functions with a dedicated 3D 
work station; a Philips LX CT; Diasonics and Acuson 
duplex color ultrasound; a dedicated angio- 
interventional suite; digital fluoroscopy; and will soon 
acquire updated nuclear medicine equipment. The 
dept. of radiology performs over 49,000 exams 
annually including 2500 MR, nearly 4000 CT stud- 
ies, over 250 interventional procedures, 3100 ultra- 
sound, and 2200 fluoroscopic exams. Staff radiolo- 
gists also cover the NNICU at Parkland Memorial 
Hospital, 1 of the largest NNICUs in the U.S. There 
are 3 radiology residents and 3-4 pediatric radiology 
fellows. Children’s Medical Center is an exciting 
innovative hospital that enjoys a supportive, pro- 
gressive administration and affiliation with The Uni- 
versity of Texas Southwestern Medical School, 1 of 
the country’s leading medical schools. Duties in- 
clude clinical responsibilities in performing and inter- 
preting pediatric radiology procedures, sharing resi- 
dent and medical student teaching responsibilities, 
and participating in ongoing research projects. Sal- 
ary and benefits are among the best offered. Flex- 
ible work schedules are available for parents with 
domestic demands. Direct letters of inquiry to Nancy 
Rollins, M.D., Director of Radiology, Children’s Medi- 
cal Center, 1935 Motor St., Dallas, TX 75235; (214) 
902-2305. The University of Texas Southwestern 
Medical Center is an equal opportunity/affirmative 
action employer. 1—4a 


DIAGNOSTIC RADIOLOGIST, LONG ISLAND, 
NY—A board-certified radiologist, with expertise in 
MRI, needed to join a 5-member group starting 
immediately. Willing to wait for the right candidate. 
Fellowship training in MRI or neuroradiology is de- 
sirable. Must be willing to do most aspects of 
diagnostic radiology. This well-established practice 
includes a 325-bed community hospital, a private 
diagnostic radiology office, and a 1-yr-old MRI facil- 
ity with a high-field-strength magnet. Generous 
salary leading to full partnership. Contact Ira Langer, 
M.D., 250 Hospital Rd., Patchogue, NY 11772; 
(516) 475-1030. 1-2ap 


HARTFORD, CT—Position available for board-cer- 
tified radiologist to join an established group of 8. 
Practice includes hospital and 4 private offices, all 
fully equipped including CT. Mammography experi- 
ence would be helpful. Competitive starting salary 
and benefits. Please enclose CV with initial corre- 
spondence to Jeffrey Blau, M.D., 40 Hart St., New 
Britain, CT 06052; (203) 229-2059. 1-2a 
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DIAGNOSTIC RADIOLOGIST, SANTA BARBARA, 
CALIFORNIA—A large multispecialty clinic is seek- 
ing a board-certified/eligible diagnostic radiologist. 
Competence necessary in CT, ultrasound, and MRI. 
Send CV to Monica Micon, M.D. or Ella Wong, M.D., 
Sansum Medical Clinic, P. O. Box 1239, Santa 
Barbara, CA 93102. 1—3ap 


DIAGNOSTIC RADIOLOGIST—/mmediate open- 
ing for BC/BE radiologist to join group of 6 in an 
active practice including 2 hospitals (480 beds) and 
a multispecialty clinic that performs 110,000 exams/ 
yr. Practice includes substantial CT, nuclear medi- 
cine, ultrasound, MRI, angiography, and 
interventional and is located in a pleasant commu- 
nity on Lake Michigan with easy access to Milwau- 
kee and Chicago. Locums needed in interval. Con- 
tact Arnold Strimling, M.D., Dept. of Radiology, St. 
Mary’s Medical Center, 3801 Spring St., Racine, W! 
53405; (414) 636-4311. 2xa 


SAN ANTONIO, TEXAS—Large group covering 
multiple hospitals and outpatient facilities seeks 
radiologists with angiography skills. Send CV to 
Search Committee, M&S X-Ray Associates, P. O. 
Box 15920, San Antonio, TX 78212- 9510. 1-—6ap 


BC/BE RADIOLOGIST to join established imaging 
dept. in relaxed but stimulating environment. Hospi- 
tal-based, fee-for-service, diversified practice, in- 
cludes all modalities. Progressive medical environ- 
ment with well-trained, congenial medical staff. Ideal 
situation for radiologist seeking professional satis- 
faction and relaxed, family-oriented lifestyle. Univer- 
sity community with unsurpassed beauty and yr- 
round recreational opportunities. Direct inquiries to 
Linda Deidrick, CJ Harris Community Hospital, 59 
Hospital Rd., Sylva, NC 28779; (704) 586-7384, fax 
(704) 586- 7467. 1-2a 


DIAGNOSTIC RADIOLOGIST—The Radiology 
Regional Center of Fort Myers, Florida, an 8-person 
diagnostic radiology group, is seeking a new asso- 
ciate. The group covers 2 private offices and a 400- 
bed, acute-care hospital with general radiology, 
fluoroscopy, ultrasound, nuclear medicine, CT, MRI, 
and interventional radiology. The group has re- 
cently assumed coverage of a growing new D.O./ 
M.D. hospital. We are seeking a versatile M.D. or 
D.O. radiologist who is skilled in all aspects of 
diagnostic radiology including nuclear medicine, 
neuroradiology, and interventional radiology, pref- 
erably with fellowship training in MRI, including 
musculoskeletal, neuroradiology, or interventional. 
A competitive salary, excellent benefits, and part- 
nership are being offered. Please forward CV to 
Barbara Dunwody, Office Manager, Radiology Re- 
gional Center, 3680 Broadway, Fort Myers, FL 33901. 
1-—3ap 


LARGE PRACTICE IN CENTRAL NEW JERSEY 
and adjacent Bucks County, Pennsylvania seeks 
general radiologist with good ultrasound and 
mammography skills. Excellent benefits. No week- 
ends, no call. Full- or part-time. Respond to Radiol- 
ogy Affiliates, 838 W. State St., Trenton, NJ 08618. 
1-3a 


ABDOMINAL RADIOLOGIST—The Harvard Medi- 
cal School, Brigham and Women’s Hospital, has a 
full-time faculty position for an academically-inclined 
abdominal radiologist. Outstanding hospital setting, 
equipment, case mix, and research facilities make 
this an unusually exciting opportunity. Please con- 
tact Steven E. Seltzer, M.D., Co-Director, Abdomi- 
nal Imaging, Brigham and Women's Hospital, 75 
Francis St., Boston, MA 02115; (617) 732- 6301. 
Harvard Medical School, Brigham and Women's 
Hospital is an affirmative action/equal opportunity 
educator and employer. 1—6a 
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NEURORADIOLOGIST—Well-establisned commu- 
nity hospital and imaging center- based practice in 
Albany, New York, seeks fellowship-trained 
neuroradiologist. Individual should have expertise 
and interest in all aspects of neuroradiology with 
particular emphasis on MRI. Interests in other 
aspects of radiology, particularly cross-sectional 
imaging, desirable. Ultramodern-equipped practice 
includes 2 high-field Siemens MRI units and MRA 
capability, new biplane angiography suite, and 2 
Siemens CT scanners. Practice emphasizes 
subspecialty expertise in all aspects of diagnostic 
imaging, performing 100,000 exams/yr. Capital 
district community with abundant cultural, recre- 
ational, and educational opportunities. Excellent 
compensation package leading to lucrative full part- 
nership. Send CV to Michael E. Berlow, M.D., Dept. 
of Medical Imaging, Albany Memorial Hospital, 600 
Northern Bivd., Albany, NY 12204. 1-2ap 


CROSS-SECTIONAL IMAGING SPECIALIST— 
Well-established practice of 8 radiologists, with 
emphasis on high-quality subspecialized expertise, 
seeks individual with broad background in CT, ultra- 
sound, and particularly MRI. Expanding MRI prac- 
tice includes 2 Siemens 1.0-T units with plans for 
further expansion in near future. In addition, state- 
of-the-art equipment consists of 2 Siemens CT scan- 
ners and 5 ultrasound units, including color Doppler 
capability. Practice includes modern community 
hospital dept. and large imaging center. Capital 
district community has abundant cultural, recre- 
ational, and educational opportunities. Individual 
should be BC/BE, fellowship-trained, or academi- 
cally experienced. Excellent compensation com- 
mensurate with experience leading to lucrative full 
partnership. Individual interested in leadership re- 
sponsibility in subsection highly desirable. Send CV 
to Michael E. Berlow, M.D., Director, Dept. of Medi- 
cal Imaging, 600 Northern Bivd., Albany, NY 12204. 
1-2ap 


DIAGNOSTIC RADIOLOGIST POSITION AVAIL- 
ABLE JULY 1992—VJoin 2 other radiologists in a 
154-bed hospital with a superior medical staff and an 
excellent, stimulating practice. High income, early 
partnership, and generous vacation time. The com- 
munity, which includes the headquarters of 2 large 
multinational corporations, is an ideal place to live. It 
has all the advantages of a small town (low crime 
rate, reasonable cost of living, and country atmo- 
sphere), many big city amenities (symphony, the- 
ater, etc.), and a population with a high level of 
education. Contact Gene Martin, M.D., Radiology 
Dept., Corning Hospital, Corning, NY 14830; (607) 
937- 7289; home (607) 962-2037. 12-3ap 


COASTAL MAINE—Board-certified, experienced 
radiologist required to share relaxed but growing 
solo practice in picturesque seascape setting. Ample 
time off to enjoy it with acceptable income. For 
details send CV to Paul D. Crary, M.D., Box 697, 
Boothbay Harbor, ME 04538; (207) 633-3385. 12- 
3ap 


DIAGNOSTIC RADIOLOGIST, CONNECTICUT— 
Opening in July 1992 for BC/BE radiologist with 
expertise in general radiology and mammography. 
Additional training or experience preferred. No 
angiography/interventional experience required. 
Nine-radiologist practice includes a 435-bed, uni- 
versity-affiliated community hospital and a 54-physi- 
cian multispecialty clinic. Approximately 107,000 
exams/yr including MRI, CT, nuclear medicine, ul- 
trasound, and an active interventional service. Ex- 
cellent salary and benefits leading to full partnership 
after second yr. For more information, send CV to 
Paul C. Lakin, M.D., Dept. of Radiology, New Britain 
General Hospital, 100 Grand St., New Britain, CT 
06050. 11-2ap 


CLASSIFIED ADVERTISEMENTS 


FACULTY POSITION IN ABDOMINAL IMAGING, 
THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—This position includes responsibilities in GI 
and GU radiology, abdominal and pelvic ultrasound, 
and body CT. Jefferson has a large and well- 
equipped dept. that carried out over 208,000 studies 
last yr. There are 5 modern fluoroscopic rooms, 3 
CT scanners, 21 ultrasound scanners, and 4 GE 1.5- 
T MRI units available to the staff. There is an 
excellent mix of stimulating clinical work, sizeable 
teaching programs at the residency and fellowship 
levels, and strong support for research. Every 
faculty member has dedicated academic time, and 
salaries and benefits are maintained at high levels. 
Interested candidates should contact David C. Levin, 
M.D., Chairman, Dept. of Radiology, or Robert M. 
Steiner, M.D., Director, General Diagnostic Radiol- 
ogy, Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107; (215) 955-7264. An equal 
opportunity/affirmative action employer. 2xa 


DIAGNOSTIC RADIOLOGIST ON THE ISLAND 
OF KAUAI needed to join 45 doctors in multispecialty 
group. Three radiologists in clinic and hospital dept. 
BC radiologist to perform diagnostic radiology, CT 
scan, ultrasound, mammography, nuclear medi- 
cine, but no angiography. Strong FNA service. 
Island of 50,000 with moderate subtropical climate. 
All outdoor sports including scuba, snorkeling, fish- 
ing, golf, tennis, and biking. Incentive formula on 
becoming stockholder after 1 yr; excellent benefits. 
Congenial group with quality care emphasis. Send 
CV to, orcall, Rex D. Couch, M.D., Medical Director, 
Kauai Medical Group, Inc., 3420-B Kuhio Hwy., 
Lihue, HI 96766; (808) 245-1077; fax (808) 246- 
1625 welcomed. 12-2a 


NEURORADIOLOGIST—Senior ASNR member 
needed for excellent hospital and imaging center 
position in Tucson, AZ. Early partnership opportu- 
nity. Send CV to Arizona State Radiology, 7250 E. 
Ventana Canyon Dr., Tucson, AZ 85715. 8-7ap 


DIAGNOSTIC RADIOLOGIST, ABDOMINAL IM- 
AGING—The University of Missouri- Columbia Hos- 
pital and Clinics is seeking a radiologist with exper- 
tise in abdominal imaging (GI, CT, ultrasound, and 
MRI). Board-certification required. Fellowship de- 
sirable. Tenured and nontenured tracks available at 
assistant and associate professor levels. Address 
inquiries to Robert J. Churchill, M.D., Dept. of Radi- 
ology, University of Missouri-Columbia Hospital and 
Clinics, One Hospital Dr., Columbia, MO 65212. An 
equal opportunity/affirmative action employer. 12- 
3a 


BODY IMAGING DIAGNOSTIC RADIOLOGIST— 
Young, progressive group in Washington, DC, area 
has position immediately available for a board-cer- 
tified diagnostic radiologist in an expanding and 
diversified hospital and office- based practice with 
facilities in Maryland and Virginia. Our group covers 
1 hospital, 5 full-service private offices, and 2 diag- 
nostic centers for women. All imaging modalities 
represented, including 3 MRIs, 6 CTs, 9 ultrasound 
suites including color-flow, and an ISG 3-D imaging 
workstation. Very attractive practice setting. Com- 
mitment to leading edge technology. Address inquir- 
ies and CV to Grant McClure, Radiology Imaging 
Associates, 7801 Old Branch Ave., Ste. 300, Clinton, 
MD 20735: (301) 856-6718. 12-2ap 


SAN FRANCISCO REGION—Growing 3-person 
radiology practice needs 2 new BC members, pref- 
erably with MR musculoskeletal and/or neuro fellow- 
ship training. Competitive salary and benefits lead- 
ing to partnership. New hospitals and free-standing 
facilities with 1.5-T Picker Vista MR, Acuson ultra- 
sound, Picker CT, and digital angio. Close to San 
Francisco, wine country, and Tahoe skiing. Serious 
applicants contact Box Q96, AJR (see address this 
section). 12—2ap 
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THE LOUISIANA STATE UNIVERSITY MEDICAL 
CENTER, DEPT. OF RADIOLOGY, is seeking fac- 
ulty members with experience or fellowship training 
inneuroradiology, emergency radiology, chest, bone, 
CT/MRi/ultrasound, angiography/interventional, 
nuclear medicine, pediatrics, and GI. The dept. 
practice is centered at Charity Hospital in New 
Orleans, a 700-bed general hospital with an active 
emergency room. 180,000 exams/yr. The resi- 
dency program has 20 residents. Research, teach- 
ing, and clinical service are important. Certification 
by the American Board of Radiology or its equivalent 
is desired. Energetic persons are encouraged. 
Interested persons should submit CV and refer- 
ences to Dr. Jane Clayton, Acting Chairman, Dept. 
of Radiology, 1542 Tulane Ave., New Orleans, LA 
70112. EOE/AA. 12-2a 


PEDIATRIC NEURORADIOLOGIST—An opportu- 
nity is available for a qualified pediatric 
neuroradiologist certified by the American Board of 
Radiology, and fully trained in general neuroradiology 
and pediatric neuroradiology. The candidate must 
be a senior member of the American Society of 
Neuroradiology. In addition, the individual must be 
qualified to practice and teach general diagnostic 
pediatric radiology, cross-sectional imaging, as well 
as all aspects of diagnostic and interventional pedi- 
atric neuroradiology. A solid knowledge of MR and 
an interest in neuroradiology research is required. 
Other duties include clinical service and teaching. 
Candidates must be qualified for faculty appoint- 
ment at the George Washington University Medical 
Center with a future in academic pediatric 
neuroradiology. All applicants should apply to David 
C. Kushner, M.D., Chairman, Dept. of Diagnostic 
Imaging and Radiology, Children’s National Medical 
Center, 111 Michigan Ave., N.W., Washington, DC 
20010. Children’s National Medical Center is an 
equal opportunity employer. 12-2a 


LONG BEACH, CA—The VA Medical Center, Long 
Beach, CA, is seeking applications for full- and part- 
time radiologist positions in CT, ultrasound, and 
neuroradiology. Interest in MRI and intervention 
desirable. Board-certification/eligibility required. May 
be licensed in any state. U.S. citizenship is required. 
Responsibilities include teaching and supervision of 
residents in conjunction with the affiliated program, 
University of California, Irvine. Please send CV to 
Chief, Radiology Service, VAMC, 5901 E. 7th St., 
Long Beach, CA 90822; (213) 494- 2611, or ext. 
4787. The DVA is an equal opportunity employer. 
11-2a 


DIAGNOSTIC RADIOLOGIST sought to join a fee- 
for-service group practice at 2 mid-Bronx hospitals. 
Board-certification with expertise in imaging and 
special procedures/interventional radiology pre- 
ferred. Please send CV to Arthur Avenue Radiology, 
P.C., P. O. Box 4332, Great Neck, NY 11027. 11- 
4ap 


BC DIAGNOSTIC RADIOLOGIST—Affluent prac- 
tice. Excellent salary, benefits, and early partner- 
ship. Investigate now before socialized medicine 
becomes a reality! Practice at a 395-bed hospital, 
the second largest in the beautiful state of Delaware, 
centrally located on the east coast. This is a rapidly 
expanding, high-powered group practice. 
Subspecialty training in interventional, imaging, or 
neuro desired. Open to F-M with 1-2 yr of postgrad 
experience. Send resume to or contact Ben Hol- 
lander, M.D., Dept. of Radiology, St. Francis Hospi- 
tal, 7th and Clayton Sts., Wilmington, DE 19805; 
(302) 421-4300. 9-2ap 
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Positions Desired 


MRI OR NEURORADIOLOGY FELLOWSHIP, 
JULY 1992—Radiology resident in university affili- 
ated program, seeks an MRI or neuroradiology 
fellowship for July 1992. Residency training in all 
modalities with experience in angiography. Reply 
Box B20, AJR (see address this section). 2—4bp 


SECOND YR RADIOLOGY RESIDENT (PGY3) 
seeks PGY3 or PGY4 position. Enthusiastic, ami- 
able, and hardworking. Desiring more challenge 
and diversity. Willing to relocate. Reply Box Q94, 
AJR (see address this section). 2xbp 


UNIVERSITY-TRAINED, BC RADIOLOGIST, with 
15 yr community hospital practice experience (in- 
cluding general, CT, sonar, nuclear medicine, 
mammography, interventional, and angiography), 
seeks community-hospital, private-practice position. 
Extensive administrative experience. Flexible start- 
ing date and location. Excellent references. Reply 
Box A11, AJR (see address this section). 1—2bp 


Fellowships and Residencies 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 1- 
yr musculoskeletal fellowship position beginning 
July 1993 at the Albert Einstein College of Medicine/ 
Montefiore Medical Center (MMC). The musculo- 
skeletal section at MMC works closely with the 
active orthopedic and rheumatologic services utiliz- 
ing state-of-the-art CT and MRI equipment to pro- 
vide radiologic consultation in all aspects of skeletal 
radiology. The fellowship experience would consist 
of a large plain film exposure along with CT, MRI, 
and arthrography. Opportunities in clinical and 
basic imaging research are offered. Address inquir- 
ies and CV to E. Stephen Amis, Jr., M.D., Chairman, 
Dept. of Radiology, Montefiore Medical Center, 111 
E. 210th St., Bronx, NY 10467. Einstein and 
Montefiore are equal opportunity/affirmative action 
employers. 2—4c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 
musculoskeletal fellow position for 1993 at the Cleve- 
land Clinic Foundation (CCF). CCF is a 1000-bed, 
tertiary-care teaching medical center with a large 
radiology residency program. Local, national, and 
international patients provide for an interesting and 
varied mix of bone pathology. Training includes all 
aspects of musculoskeletal radiology, including MR, 
CT, arthrography, biopsy, bone densitometry, anda 
large plain film experience. Fellowship includes 
patient care, teaching, and research. There is a 
close working relationship with the orthopedic, 
rheumatology, and endocrinology depts. There are 
presently 4 musculoskeletal staff in the section. For 
further information, please contact Bradford J. Rich- 
mond, M.D., Head, Section of Musculoskeletal Ra- 
diology, Desk A-21, 9500 Euclid Ave., Cleveland, 
OH 44195; (216) 444- 3931. 11-4cp 


RESEARCH FELLOWSHIP IN INTERVENTIONAL 
RADIOLOGY—A 2-yr position is available at Al- 
legheny General Hospital, a 746-bed teaching hos- 
pital in Pittsburgh, for a research fellow in an innova- 
tive program in interventional radiology research 
beginning July 1992. The fellow will participate in 
imaging studies directed at ablation of tumors in the 
liver, prostate, lung, and brain. Percutaneous meth- 
ods of removing herniated disks also are being 
pursued. Clinical responsibilities will be included as 
well as opportunities to pursue individual research 
interests. Candidates must be board certified/eli- 
gible in radiology. Please send CV to Dr. Gary Onik, 
320 E. North Ave., Pittsburgh, PA 15212. 11-4cp 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIP IN ULTRASOUND AND BODY CT/ 
MRI July 1, 1992—June 30, 1993, at Hahnemann 
University Hospital. State-of-the-art equipment, in- 
cluding ultrasound color-flow imaging, 2 GE 9800 
CT scanners and Signa 1.5-T MR, is provided. 
Applicants must have completed an approved resi- 
dency in diagnostic radiology and be board-eligible 
or certified. For inquiries, please contact Patricia 
Laffey, M.D., Dept. of Diagnostic Radiology, 
Hahnemann University Hospital, Broad and Vine, 
Philadelphia, PA 19102- 1192; (215) 448-8722. An 
equal opportunity employer. 1—3cp 


FELLOWSHIP IN PEDIATRIC RADIOLOGY—The 
Dept. of Radiology, Bowman Gray School of Medi- 
cine, Wake Forest University, offers a 1-yr fellow- 
ship in pediatric radiology beginning July 1, 1992. 
Training will include conventional radiology, neona- 
tal radiology, ultrasound, CT, MRI, and interventional 
techniques. Facilities include digital fluoroscopy 
and PACS, ultrasound units with Doppler and color- 
flow Doppler capabilities, 6 CT units, and3 MRI units 
(1.5-T). Opportunities to participate in both clinical 
and basic research, including PET scanning. Con- 
tact Thomas E. Sumner, M.D., Dept. of Radiology, 
Bowman Gray School of Medicine, Medical Center 
Blvd., Winston-Salem, NC 27157-1088. 1—3cp 


INTERVENTIONAL MAMMOGRAPHY AND 
BREAST IMAGING FELLOWSHIP—The Univer- 
sity of Arizona is offering a flexible 1-yr fellowship in 
interventional mammography and breast imaging 
for 1992-1993. The section performs more than 
12,000 mammograms/yr and over 500 breast 
interventional procedures, including percutaneous 
stereotaxic breast needle biopsy, preoperative lo- 
calizations, and galactography. Equipment includes 
6 state-of-the-art mammographic units and 3 ster- 
eotaxic devices. The fellowship will include 20% 
academic/protected research time, and up to 4 mo 
could be spent in other areas of body imaging (CT, 
ultrasound, or MRI). We have active research 
programs including clinical, basic science, and tech- 
nology assessment/outcome analysis research re- 
lated breast imaging. Other benefits include reloca- 
tion allowance, office space with computer, and 
funds to attend national meetings. Salary $37,500. 
Must be BC/BE. For further information, please 
contact Laurie L. Fajardo, M.D., Director, 
Mammography and Breast Imaging, University of 
Arizona, 1501 N. Campbell Ave., Tucson, AZ 85724. 
Application deadline is April 1, 1992. The University 
of Arizona is an equal opportunity/affirmative action 
employer. 1—3c 


FELLOWSHIPS AT ALBANY MEDICAL CEN- 
TER—The newly renovated and equipped Dept. of 
Radiology at the Albany Medical College and Center 
in Albany, NY offers the following fellowship posi- 
tions each yr: (1) Abdominal Imaging—this fellow- 
ship encompasses all aspects of MRI, ultrasound, 
CT, and other advanced techniques in imaging the 
abdomen. Four state-of-the-art MRI and 4 CT 
scanners as well as 5 color Doppler ultrasound units 
are utilized daily. Contact James C. Peters, M.D. 
regarding this program. (2) Neuroradiology—This 
fellowship encompasses the full range of advanced 
neuro imaging including MRI, CT, angiography, and 
myelography. Contact William A. Wagle, M.D. (3) 
Angiography and interventional radiology—Three 
advanced angiographic suites are utilized daily fora 
full range of vascular and interventional procedures. 
Contact Mohammad S. Sarrafizadeh, M.D. All pro- 
gram directors listed above may be contacted at the 
Dept. of Radiology, A-113, Albany Medical Center, 
Albany, NY 12208; (518) 445-3277 or contact Mat- 
thew D. Rifkin, M.D., Chairman, Dept. of Radiology, 
A-113, at the above address. Albany Medical Cen- 
ter is an equal opportunity/affirmative action em- 
ployer. 1-12c 
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BODY IMAGING FELLOWSHIP (MRI, CT, UL- 
TRASOUND)-—A 1-yr fellowship position is avail- 
able July 1, 1993 at St. Luke’s-Roosevelt Hospital 
Center in New York City. We offer extensive clinical 
experience and opportunities for research utilizing 
State-of-the-art equipment (GE 1.5-T Signa Advan- 
tage MRI, GE 9800 Hilite/Advantage CT, Siemens 
DRH CT, Acuson, ATL, and Diasonics ultrasound 
including color Doppler, small parts, and intracavitary 
Studies). The hospital is a 1315-bed voluntary 
university hospital of Columbia University College of 
Physicians and Surgeons. Applicants should be 
ABR-eligible or certified. Application requires CV, 
and 3 letters of recommendation. Send inquiries to 
Benjamin Bashist, M.D., St. Luke’s-Roosevelt Hos- 
pital Center, Dept. of Radiology, Special Proce- 
dures, 428 W. 59th St., New York, NY 10019. An 
equal opportunity employer M/F. 2cp 


FELLOWSHIP IN VASCULAR AND 
INTERVENTIONAL RADIOLOGY—The University 
of Arizona is sponsoring 1-yr fellowships in vascular 
and interventional radiology beginning July 1, 1992 
and July 1, 1993. In-depth clinical experience and 
training in all aspects of interventional radiology will 
be offered. Facilities at the University Hospital (300- 
bed), and Tucson Veteran's Hospital (300-bed), 
include state-of-the-art angiographic, CT, and MR 
units. Opportunities for research and teaching also 
provided. Interested applicants should submit a 
current CV and 3 letters of recommendation (includ- 
ing 1 from the program director) to Gerald D. Pond, 
M.D., Head, Section of Vascular and Interventional 
Radiology, University of Arizona Health Sciences 
Center, Tucson, AZ 85724. For further information, 
please contact Linda Fowler at (602) 694-7136. 2- 
4c 


FELLOWSHIP POSITIONS—The Dept. of Radiol- 
ogy, University of Arkansas for Medical Sciences, 
Little Rock, AR, has openings for fellowships to 
begin July 1992. Positions are available in body 
imaging/intervention, neuroradiology, vascular and 
interventional radiology, and pediatric radiology. 
Eligible candidates must be board-certified or eli- 
gible for certification in diagnostic radiology and 
should be eligible for licensing in the state of Arkan- 
sas. Interested candidates should contact the pro- 
gram directors: imaging/intervention—Teresita L. 
Angtuaco, M.D., or Steven K. Teplick, M.D.; 
neuroradiology—Edgardo J. C. Angtuaco, M.D.; 
vascular and interventional radiology—Joanna J. 
Siebert, M.D. All program directors listed above can 
be contacted at the Dept. of Radiology, University of 
Arkansas for Medical Sciences, Slot 556, 4301 W. 
Markham St., Little Rock, AR 72205; (501) 686- 
5740. The University of Arkansas for Medical Sci- 
ences is an affirmative action/equal opportunity 
employer. 2c 


FELLOWSHIPS AT YALE UNIVERSITY—The 
Dept. of Radiology at Yale University School of 
Medicine offers the following fellowships: Body 
MRi/ultrasound/CT—Three positions with focus on 
either MRI, ultrasound, or CT—Contact Ruben Kier, 
M.D. Abdominal imaging—Two positions that in- 
clude both cross-sectional imaging and conven- 
tional modalities—Contact Ruben Kier, M.D. Tho- 
racic imaging—One_ position including 
mammography, lung biopsies, CT, and MRI—Con- 
tact Anne Curtis, M.D. Neuroradiology—Two 2-yr 
positions offered each yr—Contact Gordon Sze, 
M.D. Vascular/interventional—T wo positions—Con- 
tact Jeff Pollack, M.D. Interested applicants should 
send their CV and 3 letters of recommendation to the 
appropriate program director at 333 Cedar St., New 
Haven, CT 06510. 2—3c 
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WAYNE STATE UNIVERSITY, BODY MRI FEL- 
LOWSHIP—The Dept. of Radiology, Wayne State 
University, is offering a new fellowship in body MRI 
commencing July 1, 1992. The MR Center includes 
a4.7-T animal imager and state-of-the- art 1.0-T and 
1.5-T magnets with a second 1.5-T to be installed in 
fall 1992; 1 whole body magnet is dedicated to 
research. In addition, the physically connected 
Children’s Hospital has a .35-T magnet dedicated to 
pediatric patients. The Medical Center has 1200 
beds and broad referral base leading to a busy 
clinical service covering all ages and all body sys- 
tems. There is an active research program in both 
imaging and spectroscopy with a full-time MR physi- 
cist, biochemist, and graduate students. The fellow- 
ship is a 1-yr program with a potential second yr for 
a fellow with strong research interests. Interested 
candidates should contact Renate L. Soulen, M.D., 
MR Center, Harper Hospital, 3990 John R, Detroit, 
MI 48201; (313) 745-9542. 2-3c 


FELLOWSHIP IN CT/MRI/ULTRASOUND, San 
Francisco General Hospital/University of California, 
San Francisco. Unexpected opening available July 
1992. This 1-yr program, at a 580-bed teaching 
hospital, offers extensive training in body and neuro 
CT, body and neuro MR, and ultrasound. The 
ultrasound rotation provides experience with a busy 
OB-GYN service as well as the full gamut of other 
clinical services. The more invasive diagnostic and 
therapeutic skills which have become so essential to 
current imaging practice are included in each fellow's 
experience. Fellows rotate equally among the imag- 
ing modalities. The appointee will become a clinical 
instructor in radiology at the University of California, 
San Francisco (UCSF). Graduates of this program 
have found success in both academic and private 
practice. Our institution, San Francisco General 
Hospital, enjoys a rich diversity of patients and 
pathology. Please send CV and alist of 4 references 
to Robert A. Halvorsen, M.D., Chief, Dept. of Radi- 
ology, San Francisco General Hospital, 1001 Potrero 
Ave., Rm. 1X55, San Francisco, CA 94110; (415) 
206-8026. An equal opportunity employer. 2c 


A FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRI is available July 1, 1992, to June 30, 1993, 
at The New York Hospital-Cornell Medical Center. 
The dept. provides state-of-the-art equipment, in- 
cluding Acuson ultrasound, GE 9800 CT, and GE 
Signa 1.5-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrectal. 
Applicants should be ABR-eligible or certified. Send 
CV to Elias Kazam, M.D., Dept. of Radiology, The 
New York Hospital-Cornell Medical Center, 525 E. 
68th St., New York, NY 10021. 2-5c 


FELLOWSHIP POSITION—The Dept. of Radiol- 
ogy, Division of Cardiovascular/Interventional Radi- 
ology of the Brigham and Women’s Hospital/Harvard 
Medical School has an opening for 1- or 2-yr position 
beginning July 1992. We are also considering 
applications for 1- and 2-yr fellowships starting July 
1993. The Division of Cardiovascular/Interventional 
Radiology is a state-of-the-art training program in 
peripheral angiographic techniques, vascular and 
nonvascular interventions of all types, vascular ul- 
trasound, and cardiovascular MRI. Some cardiac 
catheterization and coronary angiography is included. 
Research time is available for participation in origi- 
nal or ongoing clinical and/or laboratory projects. 
Please send CV to Kris Kandarpa, M.D., Ph.D., Co- 
Director, Division of Cardiovascular/Interventional 
Radiology, Dept. of Radiology, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA02115. 
Brigham and Women’s Hospital/Harvard Medical 
School is an affirmative action/equal opportunity 
educator and employer. 11—4c 





CLASSIFIED ADVERTISEMENTS 


SPECIAL IMAGING FELLOWSHIP—The Johns 
Hopkins Hospital, Dept. of Radiology, is offering a 
unique opportunity for a yr of excellence in clinical 
and/or research in medical imaging starting July 1, 
1993. Active body CT service (>16,000 studies/yr) 
on state-of-the-art equipment with special areas of 
interest including oncology, immunocompromised 
host, inflammatory bowel disease, and 3D imaging. 
Research in imaging includes image processing of 
CT and MRI data using PIXAR image computers, 
Sun workstations, and NeXT and Apple computers. 
The candidates will be able to devote a significant 
portion of the yr to research and will be a sponsored 
fellow of the Winthrop Research Fellowship. Inter- 
ested applicants should write or call Elliot K. Fishman, 
M.D., Dept. of Radiology, The Johns Hopkins Hos- 
pital, 600 N. Wolfe St., Baltimore, MD 21205; (410) 
955-5173. 1—4cp 


FELLOWSHIP IN CROSS-SECTIONAL IMAG- 
ING—The Dept. of Radiology, Dartmouth- Hitchcock 
Medical Center has an opening in July 1992 for a 1- 
yr fellowship in MRI/CT/ultrasound. Training in- 
cludes experience in all aspects of MRI (including 
neuro and body), CT, and ultrasound (including 
obstetric and vascular imaging). Imaging-guided 
biopsies and drainage procedures will be an integral 
part of the program. The medical center has a 
completely new 420-bed, tertiary-care hospital with 
state-of-the-art imaging equipment opening in the 
fall of 1991. Protected research time will be avail- 
able for the fellow. There is ample opportunity for 
clinical radiologic research as well as technology 
assessment and outcome analysis in collaboration 
with Dartmouth Medical School Center for Evalua- 
tive Sciences. For further information, contact Rob- 
ert D. Harris, M.D., Dept. of Radiology, Dartmouth- 
Hitchcock Medical Center, Hanover, NH 03756; 
(603) 646-5686. 2xcp 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Philadel- 
phia offers the following fellowship programs each 
yr: (1) Ultrasound/CT/MRI—Jefferson’s ultrasound 
division is 1 of the largest in the world and performs 
all currently available exams, including obstetric, 
vascular, lithotripsy, invasive, and endoluminal. We 
also operate 4 GE 1.5-T MRI units and 3 CT scan- 
ners. Contact Barry Goldberg, M.D., regarding this 
program. (2) Cardiovascular/interventional—this 
division is housed in a new suite containing Philips 
angio units with DSA and performs the full range of 
vascular and nonvascular interventional procedures. 
Contact Geoffrey Gardiner, Jr., M.D. (3) Neuro/ENT 
radiology—very active clinical services supply a 
wealth of material to this division, which is housed in 
a neurosciences imaging center containing all imag- 
ing modalities. Contact Carlos Gonzales, M.D. (4) 
Breast imaging—Jefferson’s new breast-imaging 
center performs approximately 85 studies/day in- 
cluding ultrasound and needle localizations. Con- 
tact Stephen Feig, M.D. (5) Chest—includes biop- 
sies and CT. Contact Robert Steiner, M.D. (6) 
MRI—a dedicated body MRI program including ex- 
cellent research opportunities in addition to a large 
clinical case load. Contact Donald Mitchell, M.D. (7) 
Ultrasound—a dedicated ultrasound program. Con- 
tact Barry Goldberg, M.D. (8) Musculoskeletal— 
includes MRI of the musculoskeletal system. Con- 
tact David Karasick, M.D. All program directors 
listed above can be contacted at the Dept. of Radi- 
ology, Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107. Jefferson is an equal opportu- 
nity/affirmative action employer. 2xc 


AJR:158, February 1992 


CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY FELLOWSHIPS, THE JOHNS HOPKINS 
HOSPITAL—The Johns Hopkins Hospital will offer 
4 positions for its 2-yr CVIR training program begin- 
ning July 1993. The program has been redesigned 
to provide strong clinical experience in a wide variety 
of vascular and nonvascular interventional proce- 
dures, including angiography; angioplasty; percuta- 
neous atherectomy; intravascular ultrasound; 
thrombolytic therapy; varicocele, tumor, and AVM 
embolization; caval filters; percutaneous central 
venous catheter placement; percutaneous abscess 
drainage; and complex urologic and biliary interven- 
tion, including percutaneous biliary endoscopy and 
biliary atherectomy for biopsy. The first yr is a 
fellowship position during which basic techniques 
and fundamental elements of patient care are em- 
phasized. In addition, daily morning conferences, a 
private CVIR patient admitting service, and a weekly 
vascular clinic strengthen the total patient care con- 
cept of this program. Elective clinical rotations with 
both the vascular surgery and general surgery ser- 
vices help to facilitate an understanding of the evalu- 
ation, care, and treatment of CVIR patients outside 
the dept. Generous research time for both clinical 
and laboratory sciences is an integral part of the 
training program. The candidate will also participate 
in resident and medical student teaching. The sec- 
ond yr is a faculty position (instructor level) with 
commensurate compensation and benefits. Re- 
sponsibilities during the second training yr will in- 
clude case planning and supervision of residents 
and first-yr fellows, laboratory and clinical research, 
and vascular MR and ultrasound. Our dept. is cur- 
rently undergoing major renovations, with planned 
upgrades including a new room with a Siemens 
Angiostar, giving us 3 dedicated CVIR rooms and 2 
shared rooms. Our division includes 6 full-time staff, 
19 dedicated technologists, and 5 full-time RNs 
performing over 12,000 exams/yr. Interested candi- 
dates should contact Floyd A. Osterman, Jr., M.D., 
Chief, Division of CVIR, The Johns Hopkins Hospi- 
tal, 600 N. Wolfe St., Baltimore, MD 20205; (301) 
955-5687. 11-—2cp 


ONCOLOGY/MAMMOGRAPHY FELLOWSHIP— 
The Dept. of Radiology at the Dana-Farber Cancer 
Institute and Brigham and Women's Hospital, 
Harvard Medical School affiliates, offers a 1-yr fel- 
lowship position beginning July 1, 1992. Allimaging 
modalities involved in the diagnosis, staging, and 
follow-up of patients with malignant disease are 
integrated into this program. An additional feature is 
a concentrated experience in the performance of 
interventional breast diagnostic procedures. Please 
contact Jack E. Meyer, M.D., Director of Diagnostic 
Radiology, Brigham and Women's Hospital and 
Dana-Farber Cancer Institute, 75 Francis St., Bos- 
ton, MA 02115; (617) 732- 6269. Brigham and 
Women’s Hospital/Dana-Farber Cancer Institute/ 
Harvard Medical School is an affirmative action/ 
equal opportunity educator and employer. 9-2c 


NEURORADIOLOGY FELLOWSHIP—An unex- 
pected opening for a neuroradiology fellow is avail- 
able in the Dept. of Radiology at Thomas Jefferson 
University Hospital beginning July 1992. The Divi- 
sion of Neuroradiology has close clinical and re- 
search relationships with Jefferson's very active 
neurology, neurosurgery, orthopedic surgery, and 
otolaryngology depts. Complete training in ENT 
radiology is part of this program. Six full-time faculty 
members currently staff this division. Clinical facili- 
ties include 2 dedicated CT scanners, amyelography 
room, a biplane angiography room with DSA, and 4 
GE 1.5-T MRI units. Contact Carlos Gonzalez, 
M.D., Director of Neuroradiology, 1009 Main Bldg., 
Thomas Jefferson University Hospital, Philadelphia, 
PA 19107; (215) 955-5447. Jefferson is an affirma- 
tive action/equal opportunity employer. 11—6c 





AJR:158, February 1992 


FELLOWSHIP IN BODY CT/MRI/ULTRASOUND— 
The Dept. of Radiology of New York Medical College 
has 2 openings for a 1-yr imaging fellowship starting 
in July 1993. Westchester County Medical Center is 
a 650-bed, tertiary-care facility offering advanced 
training with state-of-the-art equipment. Equipment 
includes 2 Seimens Hi-Q' CT scanners, GE Signa 
1.5-T MR, ISG 3D reconstruction console, and 6 
ultrasound imagers (Acuson and Diasonics). Appli- 
cants must have completed an approved residency 
in diagnostic radiology and must be board-eligible or 
certified. Please contact Michael S. Tenner, M.D., 
Professor and Chairman, Dept. of Radiology, New 
York Medical College, Valhalla, NY 10595; (914) 
285-8546. 1-3c 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—A 1-yr fellowship program is 
available beginning July 1992 at Lehigh Valley Hos- 
pital Center in Allentown, PA. LVHC is a 492-bed, 
acute-care, university-affiliated hospital. The fel- 
lowship program offers training in CT (head and 
body), ultrasound, angiography (neuro and visceral), 
and interventional radiology. MRI experience is also 
available. For further information, contact Robert 
Kricun, M.D., Dept. of Radiology, Lehigh Valley 
Hospital Center, P. O. Box 689, Allentown, PA 
18105. 1-3c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 
musculoskeletal fellowship position for 1993 at the 
Cleveland Clinic Foundation (CCF). CCF is a 1000- 
bed, tertiary-care, teaching medical center with a 
large radiology residency program. Local, national, 
and international patients provide for an interesting 
and varied mix of bone pathology. Training includes 
all aspects of musculoskeletal radiology, including 
MR, CT, arthrography, biopsy, bone densitometry, 
and a large plain film experience. Fellowship in- 
cludes patient care, teaching, and research. There 
is a close working relationship with the orthopedic, 
rheumatology, and endocrinology depts. There are 
presently 4 musculoskeletal staff in the section. For 
further information, please contact Bradford J. Rich- 
mond, M.D., Head, Section of Musculoskeletal Ra- 
diology, Desk A-21, 9500 Euclid Ave., Cleveland, 
OH 44195; (216) 444- 3931. 12-5cp 


PEDIATRIC RADIOLOGY FELLOWSHIP— 
Egleston Children’s Hospital at Emory University 
Offers a 1-yr fellowship in pediatric radiology begin- 
ning July 1, 1992. Training includes conventional 
radiography, digital fluoroscopy, ultrasound (includ- 
ing color Doppler), CT, nuclear medicine, MRI, 
neuroradiology, and interventional techniques. 
Egleston Children’s Hospital is a 225-bed, tertiary- 
care, pediatric hospital on the Emory University 
campus that performed 50,000 imaging studies in 
1990. The dept. is staffed by 7 pediatric radiologists 
and 1 pediatric neuroradiologist. Two fellowship 
positions are available each yr. The application 
deadline is April 1, 1992. Candidates must be 
board-certified or eligible in diagnostic radiology. 
For additional information, please address inquiries 
to Dr. Turner Ball, c/o Radiology, Egleston Children’s 
Hospital, 1405 Clifton Rd., N.E., Atlanta, GA 30322- 
1101. Egleston Children’s Hospital is an equal 
opportunity/affirmative action employer. 12—3c 


MR FELLOWSHIP, SAN FRANCISCO REGION— 
A 6-mo or 1-yr position is available. Primary instruc- 
tor nationally recognized expert. Neuro emphasis, 
musculoskeletal and body work as well. Picker 1.5- 
T Vista with Beta-site applications. Tear hing re- 
sponsibilities as desired. Close to San Francisco, 
wine country, and Tahoe skiing. Serious applicants 
contact Box Q96, AJR (see address this section). 
12-2cp 


CLASSIFIED ADVERTISEMENTS 


CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY FELLOWSHIPS—The Johns Hopkins Hos- 
pital has a position open for its 1-yr CVIR training 
program beginning July 1992. The program has 
been redesigned to provide strong clinical experi- 
ence in a wide variety of vascular and nonvascular 
interventional procedures including angiography: 
angioplasty; percutaneous atherectomy; intravas- 
cular ultrasound; thrombolytic therapy; varicocele, 
tumor, and AVM embolization; caval filters; percuta- 
neous central venous catheter placement; percuta- 
neous abscess drainage; and complex urologic and 
biliary intervention, including percutaneous biliary 
endoscopy and biliary atherectomy for biopsy. In 
addition, daily morning conferences, a private CVIR 
patient admitting service, and a weekly vascular 
Clinic strengthen the total patient care concept of this 
program. Superb interaction with both the vascular 
surgery and general surgery services help to facili- 
tate an understanding of the evaluation, care, and 
treatment of CVIR patients outside the dept. Re- 
search time for both clinical and laboratory sciences 
is available. The candidate will also participate in 
resident and medical student teaching. Our dept. is 
currently undergoing major renovations, with planned 
upgrades including a new room with a Siemens 
Angiostar, giving us 3 dedicated CVIR roms and 2 
shared rooms. Our division includes 6 full- time staff, 
19 dedicated technologists, and 5 full-time RNs 
performing over 12,000 exams/yr. Interested candi- 
dates should contact Floyd A. Osterman, Jr., M.D., 
Chief, Division of CVIR, The Johns Hopkins Hospi- 
tal, 600 N. Wolfe St., Baltimore, MD 21205; (301) 
955-5687. 12-3cp 
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FELLOWSHIP IN ULTRASOUND, BODY CT, AND 
MRI—July 1992 and July 1993. One- yr program 
featuring ultrasound, body CT, body MRI, and 
noninvasive vascular diagnosis. Send CV to, or for 
information contact, William Zwiebel, M.D., Dept. of 
Radiology, University of Utah Hospital, Salt Lake 
City, UT 84132; (801) 581-7553. 11—4c 


MRI FELLOWSHIP 1992, MEDICAL CENTER, 
PORTLAND, MAINE—A 1-yr training program is 
offered in all aspects of MRI for a BC diagnostic 
radiologist. A broad range of experience is available 
from a 1.5-T GE Advantage Signa with independent 
workstation and MR angio, 1.0-T Siemens(x2), a 
Resonex, and Fonar, performing 8000+ exams/yr 
(30% brains, 35% spines, and 35% musculoskeletal 
& body). A competitive salary and benefit package 
includes 20% research time. Applicants should 
contact Chris F. Pope, M.D., Dept. of Radiology, 22 
Bramhall St., Portland, ME 04102; (207) 871-2571. 
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Finally, there's an IVC filter that does just what it’s supposed to do. 

Prevent recurrent pulmonary embolism. Maintain caval patency. And minimize 
procedural complications. 

The Vena Tech™-LGM™ filter does it all because it’s designed for success, with a 
proven-effective conical shape and longer stabilizing legs that ensure complete 
deployment. Best of all, the filter is deployed through a 10-French (ID) introducer. . . 
giving you and your patient a safer, easier insertion procedure. 

The Vena Tech-LGM filter comes with everything you need for filter placement. 
And, with our unique 30D system, it can be placed from either the jugular or 
femoral approach. 

See for yourself how easy it is. In just under ten minutes, our free video will 
show you how easy it is to place the Vena Tech-LGM filter. After you've seen it, 
you'll understand why we say the Vena Tech-LGM filter is the perfect fit—for both 





patient and physician. 
So call 1-800-443-VENA today 10 Oak Are Tech 
to receive your free video on Evanston, IL 60201 
A flexible introducer facilitates the insertion the Vena Tech-LGM—the IVC filter (800) “aS VENA or (708) 866-1833 & 
procedure. that’s designed for success. B.Braun of America Company 
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There are two 
foundations for PACS. _ 


IAA 





Ours. 


Introducing Fuji RACS (Radiology Acquisition and 
Communication Systems), today’s affordable 
foundation for the PACS networks of tomorrow. With 
Fuji RACS, Computed Radiography (CR) images can be 
acquired, displayed, transmitted and stored 
throughout the hospital. 

Building on ten years development and clinical 
experience, Fuji extends the benefits of CR technology 
to your hospital today. 

Commit to RACS from Fuji--the company that is 
delivering complete Computed Radiography Systems, 
not just promises. For more 
information on Fuji RACS, call Fun 
(800) 431-1850 today. We'll provide i) } 

A new way of 
seeing things. 





the right foundation for your PACS. 
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INFORMATION PROGRAM 


qT H E W A Y 


The OMNI" Reimbursement Information Program is 
dedicated to helping you obtain maximum 
reimbursement with minimal investment of your 
valuable time. Sponsored by the leader in nonionic 
contrast media support, the OMMI range of services 
includes: 

_ 1-800-767-OMNI Reimbursement Hot Line 
for informed answers on claim submissions and 

| expert guidance on resubmissions and appeals. 

| Policy Update Bulletins 

| on up-to-the-minute changes that affect your billings. 

| Payer Advocacy Efforts 
that urge insurers to maintain competitive levels of 

| payment and service. 
Special Programs 
for more in-depth analysis at your facility are 

also available. 


Enroll your facility today. 

_ Because insurers’ policies are ever changing, 

| timely information is the key to maximum payment. 

| We're here to help. So call the OMMI Reimbursement 


- Hot Line — 1-800-767-0664 — to enroll your facility. 
It could be the most rewarding decision you make today. Bane: 
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The Comfortable Choice 
for Angiography 
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A higher comfort level for you and your patients 


o E of pain and heat are felt 
by almost all patients undergoing 
angiographic studies and can be 
severe enough to cause movement 
and spoil the study. In clinical trials, 
patients show consistently greater 
tolerance to Hexabrix than to other 
contrast agents. In a controlled, 
double-blind study, 40% of 126 
patients reported severe pain with 
diatrizoate-60%, and 10% reported 
severe pain with iohexol-300. There 
was no incidence of severe pain 
with Hexabrix.' 


During abdominal aortography, 
patients experienced significantly less 
heat and pain with Hexabrix than with 
iopamidol-370 and iohexol-350.? 
Hexabrix was also significantly more 
comfortable than iopamidol-300 
or iohexol-300 during carotid 
arteriography.’ 


Less patient discomfort, less patient 
movement, and fewer retakes... that’s 
what makes Hexabrix the comfortable 
choice... for you and your patients. 


A 


Less severe pain in peripheral procedures’ 


Hexabrix 0% 


lohexol-300 


2 
Less heat and pain in abdominal aortography” 





Hexabrix 
lohexol-350 


lopamidol-370 





*Patient assessment of heat using a scale of 0 to 10 where 0 = no warmth and 10 = “on fire.” 


si 
Less patient discomfort in carotid arteriography” 


Hexabrix 


lohexol-300 


lopamidol-300 





Mean discomfort score for the three contrast agents (78 patients receiving two injections of each agent), 
where a score of 1 = least discomfort and 3 = most discomfort. 
§P<.05 vs iohexol-300; P<.001 vs iopamidol-300. 
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HEXABRIX 


(ioxaglate meglumine 39.3%/ 


loxaglate sodium 19.6% injection) 


The Comfortable Choice 


tLicensed by Guerbet, S.A. Registered U.S. Patent and Trademark Office. 
Please see adjacent brief summary of prescribing information. 


t 
HEXABRIX (ioxaglate meglumine 39.3%/ ioxaglate sodium 19.6% injection) 


HEXABRIX® 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer. The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography. Refer 
to PRECAUTIONS concerning hypersensitivity. Hysterosal- 
pingography should not be performed during the menstrual 
period: in pregnant patients; in patients with known infection 
in any portion of the genital tract; or in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed if infection is 
present in or near the joint. 


WARNINGS 
lonic iodinated contrast media inhibit blood coagulation, in 
vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes 
containing ionic contrast media. 

Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic con- 
trast media. Therefore, meticulous intravascular administra- 
tion technique is necessary, particularly during angiographic 
procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems and/ 
or three-way stopcocks, frequent catheter flushing with hepa- 
rinized saline solutions and minimizing the length of 
the procedure. The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate the 
likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the 
administration of iodine containing radiopaque media. It is of 
utmost importance to be completely prepared to treat any con- 
trast medium reaction. 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriogra- 
phy of vessels supplying the spinal cord. The injection of a 
contrast medium should never be made following the admin- 
istration of vasopressors, since they strongly potentiate neu- 
rologic effects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deteriora- 
tion, including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. 
In such instances anuria has developed. resulting in progres- 
sive uremia, renal failure and eventually death. Although nei- 
ther the contrast agent nor dehydration has separately 
proved to be the cause of anuria in myeloma, it has been 
speculated that the combination of both may be a causative 
factor. The risk in myelomatous patients is not a contraindi- 
cation to the procedure; however, partial dehydration in the 
preparation of these patients for the examination is not rec- 
ommended since this may predispose to precipitation of 
myeloma protein in the renal tubules. No form of therapy, 
including dialysis, has been successful in reversing the 
effect. Myeloma, which occurs most commonly in persons 
over 40, should be considered before instituting intravascular 
administration of contrast agents. 

Administration of radiopaque materials to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. If, in the opinion of the physi- 
cian, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; how- 
ever, the amount of radiopaque medium injected should be 
kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for 
sickle cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need 
for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an addi- 
tional risk. 

Renal failure has been reported in patients with liver dys- 
function who were given an oral cholecystographic agent fol- 
lowed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics 
and hypertensives. In these classes of patients there should 
be no fluid restriction and every attempt made to maintain 
normal hydration prior to contrast medium injection, since 
dehydration is the single most important factor influencing 
further renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm occurring following the intravas- 
cular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated. should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 


Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particu- 
lar procedure to be performed. All procedures utilizing 
contrast media carry a definite risk of producing adverse 
reactions. While most reactions are minor, life-threatening 
and fatal reactions may occur without warning, and this risk 
must be weighed against the benefit of the procedure. A fully 
equipped emergency cart, or equivalent supplies and equip- 
ment, and personnel competent in recognizing and treating 
adverse reactions of all types should always be available. If a 
serious reaction should occur, immediately discontinue 
administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent person- 


nel should be available for at least 30 to 60 minutes after 
administration. (See ADVERSE REACTIONS. ) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients. 

Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other manifesta- 
tions of allergy has been established. The possibility of 
an idiosyncratic reaction in patients who have previously 
received a contrast medium without ill effect should always 
be considered. Prior to the injection of any contrast medium, 
the patient should be questioned to obtain a medical history 
with emphasis on allergy and hypersensitivity. A positive his- 
tory of bronchial asthma or allergy (including food), a family 
history of allergy, or a previous reaction or hypersensitivity to 
a contrast agent may imply a greater than usual risk. Such a 
history may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the sever- 
ity or type of reaction in the individual case. A positive history 
of this type does not arbitrarily contraindicate the use of a 
contrast agent when a diagnostic procedure is thought essen- 
tial, but does call for caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present 
with a strong allergic history, a previous reaction to a con- 
trast medium, or a positive pre-test since in these patients 
the incidence of reaction is two to three times that of the gen- 
eral population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection 
and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injec- 
tion. Recent reports indicate that such pre-treatment does 
not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe 
should be used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, a higher inci- 
dence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and 
increase the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart 
failure, since this may lead to increased right side pressures 
with subsequent bradycardia and systemic hypotension. 
Patients with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis 
are more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left ven- 
triculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility 
of aggravating the pre-existing condition. Hypotension 
should be corrected promptly since it may result in serious 
arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) injec- 
tions. This change is usually transient and requires no treat- 
ment; however, the blood pressure should be monitored for 
approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is recom- 
mended. This is especially important in patients with severe 
arterial disease. 

Cerebral Angiography: Cerebral angiography should be per- 
formed with special caution in patients with advanced arterio- 
sclerosis, severe hypertension, cardiac decompensation, 
senility, recent cerebral thrombosis or embolism, and migraine 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with IA-DSA are those usually attendant with 
catheter procedures. Following the procedure, gentle pres- 
sure hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is 
reduced when small test injections of contrast medium are 
made under fluoroscopic observation to insure that the cath- 
eter tip is properly positioned and, in the case of peripheral 
placement, that the vein is of adequate size. 

Patient motion, including respiration and swallowing. can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected throm- 


bosis, phlebitis, severe ischemic disease, local infection or a 
totally obstructed venous system. 

Extreme caution during injection of contrast media is nec- 
essary to avoid extravasation and fluoroscopy is recom- 
mended. This is especially important in patients with severe 
arterial or venous disease. 

Excretory Urography: \nfants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNINGS and PRECAUTIONS concerning preparatory 
dehydration. ) 

Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, includ- 
ing respiration, can markedly affect image quality. The use of 
an intravascular contrast medium can obscure tumors in 
patients undergoing CT evaluation of the liver, resulting in a 
false negative diagnosis. Dynamic CT scanning is the proce- 
dure of choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. Delayed 
onset of pain and fever (1-2 days) may be indicative of pelvic 
infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in 
males or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence 
of impaired fertility or harm to the fetus due to HEXABRIX. 
There are, however, no adequate and well controlled studies 
in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: loxaglate salts are excreted unchanged 
in human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has 
been established in pediatric angiocardiography and intrave- 
nous excretory urography. Data have not been submitted to 
support the safety and effectiveness of HEXABRIX in any 
other indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. Idiosyn- 
cratic reactions may or may not be dependent on the dose 
injected, the speed of injection, the mode of injection and the 
radiographic procedure. Idiosyncratic reactions are subdi- 
vided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxic- 
ity associated with agents of this class are theoretically pos- 
sible, and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the adminis- 
tration of HEXABRIX as well as other iodine-containing con- 
trast agents. Most deaths occur during injection or 5 to 10 
minutes later; the main feature being cardiac arrest with car- 
diovascular disease as the main aggravating factor. Isolated 
reports of hypotensive collapse and shock are found in the 
literature. Based upon clinical literature, reported deaths from 
the administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 
patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. Car- 
diac decompensation, serious arrhythmias, or myocardial 
ischemia or infarction may occur during coronary arteriog- 
raphy and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually 
of brief duration. In double-blind clinical trials, HEXABRIX 
produced less discomfort upon injection (pain and heat) 
when compared to various other contrast agents. Other reac- 
tions include the following: 

Hypersensitivity reactions: Dermal manifestations of urti- 
caria with or without pruritus, erythema and maculopapular 
rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to 
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the respiratory system include sneezing, nasal stutfiness, 
coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infre- 
quent reactions including asthmatic attack, laryngospasm 
and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reac- 
tions can progress into anaphylaxis with loss of conscious- 
ness, coma, severe cardiovascular disturbances, and death. 

Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely. 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management: 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, 
syncope, paresis, paralysis resulting from spinal cord injury 
and pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but 
may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills with- 
out fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without 
left ventriculography, patients may have Clinically insignifi- 
cant ECG changes. The following adverse effects have 
occurred in conjunction with the administration of iodinated 
intravascular contrast agents for this procedure: hypoten- 
sion, shock, anginal pain, myocardial infarction, cardiac 
arrhythmias (bradycardia, ventricular tachycardia, ventricular 
fibrillation) and cardiac arrest. Fatalities have been reported. 
Complications to the procedure include dissection of coro- 
nary arteries, dislodgement of atheromatous plaques, perfo- 
ration, hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the percuta- 
neous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse 
reactions appear to be repeated injections of the contrast 
material, administration of doses higher than those recom- 
mended, the presence of occlusive atherosclerotic vascular 
disease and the method and technique of injection. Adverse 
reactions are normally mild and transient. A feeling of 
warmth in the face and neck is frequently experienced. Infre- 
quently, a more severe burning discomfort is observed. Tran- 
sient visual hallucinations have been reported. Serious 
neurological reactions that have been associated with cere- 
bral angiography and not listed under Adverse Reactions 
include stroke, amnesia and respiratory difficulties. Visual 
field defects with anopsia and reversible neurological 
deficit lasting from 24 hours to 48 hours have been reported. 
Confusion. disorientation with hallucination, and absence 
of vision sometimes lasting for one week have also been 
reported. Cardiovascular reactions that may occur with some 
frequency are bradycardia and either an increase or decrease 
in systemic blood pressure. The blood pressure change is 
transient and usually requires no treatment. Arthrography 
may induce joint pain or discomfort which is usually mild 
and transient but occasionally may be severe and persist for 
24 to 48 hours following the procedure. Effusion requiring 
aspiration may occur in patients with rheumatoid arthritis. 
Fever and pain, cramping and tenderness of the abdomen 
have been reported following hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia. acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is 
directed toward the support of all vital functions and prompt 
institution of symptomatic therapy. 

loxaglate salts are dialyzable. 

The intravenous LD59 values of HEXABRIX (in grams 
of iodine/kilogram body weight) were 11.2 g/kg in mice. 

- 8 g/kg in rats, ~6.4 g/kg in rabbits and > 10 2 g/kg 

in dogs 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE 
Rev. Nov. 1989. 
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From the Experts... 
Expect Excellence 


In MR Contrast 
Media Research 


Research at Squibb Diagnostics is exploring new pathways 
in the development of contrast media for MR.Our advanced 
technologies allow us to give our customers new products 
that can set new standards of care. Our research today con- 
tributes to the success of your practice tomorrow. 
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AJR Guidelines for Authors 





Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 103 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229; FAX: (619) 459-8814 
Inquiries regarding reprints or permission to republish AJR 
material should be addressed to the publisher: 
Publications Department 
ARRS 
1891 Preston White Dr. 
Reston, VA 22091 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJA or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The following guidelines are based on instructions set forth 
in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988;108:258-265). 
Articles will be edited, however, to conform to the individual 
style of AJR. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 


A9 


sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

lf appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A11) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 

beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 
_________ The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 


The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and FAX number are given. 

A blind title page is included in each copy of the 
manuscript, giving only the title (without the authors’ names) 
for use in the review process. 


Abstract 


An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

Papers presented at a meeting are not cited in the 
reference list, but are cited parenthetically in the text (e.g., 
Smith DJ et al., presented at the American Roentgen Ray 
Society meeting, May 1990). After first mention, use (Smith 
DJ et al., ARRS meeting, May 1990). 

Inclusive page numbers (e.g., 333-335) are given 
for all references. 

Journal names are abbreviated according to /ndex 
Medicus. 

Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or fewer; when seven or more authors, the first 
three are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146:1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Tables 


________ Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 


Tables are numbered in the order in which they are 
cited in the text. 

Abbreviations are defined in an explanatory note 
below each table. . 
Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 





Figures and Legends 


Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 

All figure parts relating to one patient have the same 

figure number. 
_________ Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
figures, labeling is done on a gummed label, which is then 
affixed to the back of the print. Never use labels on color 
figures, but write figure number on the back lightly in pencil. 
Never use ink on front or back of any figures. 

Authors’ names are not written on the backs of 
figures. 

Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
not broken or cracked. 

Images are uniform in size and magnification. 

Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
same size type. (Only glossy prints are acceptable.) 

Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 
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Case Reports 























A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of four, unless the text is shortened 
accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 





















Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. The abstract should be a short, introductory para- 
graph. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 


Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 





Technical Notes 


A technical note is a brief description ol 
technique or procedure, modification of a te 
equipment of interest to radiologists. 

Format. No abstract, headings, or subhead 
quired. If headings are used, they should be a ¢ 
of “Case Report,” “Materials and Methods,” “R 
“Discussion.” A brief one-paragraph introduc 
be included to give the general background. 
should be limited to the specific message, ir 
uses of the technique or equipment. Literati 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, 
pages, including the references but not the ti 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text i: 
accordingly. 

Tables and Acknowledgments. Not appropri 
nical notes. 





Letters to the Editor and Replies 


Letters to the Editor and Replies should off 
and constructive criticism of published artic 
may also discuss matters of general interest 
gists. Do not end a letter with a hand-written < 

Format. All letters should be typed double 
nonletterhead paper, with no greeting or saluti 
and affiliation should appear at the end of the 
for letters should be short and pertinent. Th 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not approp! 
ters to the Editor and Replies. 























Computer Page Articles 


Articles published on the computer page de 
tical computer applications to radiology. 

Format. Include a title page and an abstract. 

Length. Maximum of eight double-spaced, 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Com 
outs are not acceptable. Figures must be sub 
x 7 in. glossy prints. 





All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the 
Copyright agreement. 





ionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less than ionic contrast media. Clotti 


Nonionic OMNIPAQUE is 

used for more procedures 
than any other nonionic or 
low osmolar contrast agen 


The reason is simple. Nonionic OMNIPAQUE offers more 
than any other contrast agent. 


After more than 900 clinical studies worldwide, the superior 
safety profile of nonionic OMNIPAQUE is a fact* 


Nonionic OMNIPAQUE provides consistently excellent 
image quality? And that’s just one more reason why so man 
radiologists make nonionic OMNIPAQUIE their first choice. 


Nonionic OMNIPAQUE has the widest range of adult and 
pediatric indications. So there’s less concern about limited us 


With more concentrations and more packagings, nonionic 

OMNIPAQUE offers greater convenience, the best 
possible dosing flexibility, 
and the least waste. 


Nonionic OMNIPAQUE provides 
what you deserve in a contrast agent— 
superior safety, outstanding images, unsurpassed flexibility 


~~. 


In fact, every ten seconds in this country, nonionic 
OMNIPAQUE is the contrast agent of choice. 


No wonder. 


NONIONIC >) 
OMNIPAQUE D 
(0) 19,018) 


When it comes to safety, one image stands out. 


*Data on file, Sanofi Winthrop Pharmaceuticals. 
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OMNIPAQUE’ [140] 


INJECTION (IOHEXOL) 
INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile, pyrogen-free and preservalive-free, nonionic, water-soluble radiographic 
contrast medium for intravascular administration in concentrations of 140, 240, 300, and 350 mgl/mL. OMNIPAQUE 140 
contains 302 mg of iohexol equivalent to 140 mg of aa iodine per mL; OMNIPAQUE 240 contains 518 mg of iohexol 
equivalent to 240 mg of organic iodine per mL; OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 300 mg of 
organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic iodine per mL. 
Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edetate calcium disodium with the pH adjusted 
between 6.8 and 7.7 with hydrochloric acid or sodium hydroxide. Unused portions must be discarded. lohexol solution is 
sensitive to light and should be protected from exposure. 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to iohexol. 
WARNINGS—General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic contrast 
media. Clotting has been reported when blood remains in contact with syringes containing nonionic contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 

oh a at procedures with both ionic and nonionic contrast media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, underlying disease state, and concomitant medica- 
tions, may contribute to the development of thromboembolic events. For these reasons, meticulous angiographic techniques 
are recommended including close attention to guidewire and catheter manipulation, use of manifold systems and/or three- 
way stopcocks, frequent catheter flushing with heparinized saline solutions and minimizing the length of the procedure. The 
use of plastic syringes in place of glass syringes has been reported to decrease but not eliminate the likelihood of in vitro 
clotting. 
OMNIPAQUE should be used with extreme care in patients with severe functional disturbances of the liver and kidneys, 
severe thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 3 mg/dL should not be examined 
unless the possible benefits of the examination clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria: 

Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
particularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has separately 
proven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be causative factors. 
The risk in myelomatous patienis is not a contraindication; however, special precautions are necessary. Partial dehydration in 
the preparation of these patients prior to injection is not recommended since this may predispose the patient to precipitation 
of the myeloma protein in the renal tubules. No form of therapy, including dialysis, has been successful in reversing the 
effect. Myeloma, which occurs most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease. 

Administration of radiopaque materials to patients known or suspected of having pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of radiopaque medium injected should be kept to 
an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and measures for the 
treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with hyperthyroidism 
or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in such patients before use 
of any contrast medium. 

Urography should be performed with caution in patients with severely impaired renal function and patients with combined 

renal and La disease. 
PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should be 
carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the particular 
procedure to be performed. Appropriate facilities should be available for coping with a complication of the procedure, as 
well as for emergency treatment of severe reactions to the contrast agent itself. After parenteral administration of a 
radiopaque agent, competent personnel and emergency facilities should be available for at least 30 to 60 minutes, since 
severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular—General). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), infants, 
and small children. Dehydration in these patients seems to be enhanced by the osmotic diuretic action of urographic agents. 
it is believed that overnight fluid restriction prior to excretory urography generally does not provide better visualization in 
normal patients. Patients should be well hydrated prior to and following administration of any contrast medium, including 
iohexol. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
patients (often elderly with preexisting renal disease) following excretory urography. Therefore, careful consideration of the 
potential risks should be given before performing this radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions should 
always be considered (see ADVERSE REACTIONS: Intravasculat—General). It is of utmost importance that a course of 
action be carefully planned in advance for immediate treatment of serious reactions, and that adequate and appropriate 
personnel be readily available in case of any reaction. 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS: Intravasculat—General). The susceptible population includes, but is not limited to, patients with a history of a 
previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a known clinical 
hypersensitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, pretesting 
cannot be relied upon to predict severe reactions and may itself be hazardous for the patient. It is suggested that a thorough 
medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent where a 
diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS: Intravascular— 
General). Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic reactions in such 
patients should be considered and administered using separate syringes. Recent reports indicate that such pretreatment 
does not prevent serious, life-threatening reactions, bul may reduce both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate-based ionic agents of 
compatable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be observed for several hours following the procedure 
to detect delayed hemodynamic disturbances. 

General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a higher 
incidence of adverse reactions has been reported in these patients and may be attributable to the inability of the patient to 
identity untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac output and increase the 
duration of exposure to the contrast agent. 

Angiography should be avoided whenever possible in palients with homocystinuria, because of the risk of inducing 
thrombosis and embolism. 

in angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall should be 
borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure proper catheter 
placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the expected benefits outweigh the 
potential risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphysema must be weighed 
against the necessity for performing this procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn into-the 
syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with traces of 
cleansing agents. 

Parenteral products should be inspected nun for particulate matter and discoloration prior to 
administration. If particulate matter or discoloration is present, do not use. 

Information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle cell 
disease, or known thyroid disorder (see WARNINGS— General). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any reactions to previous injections of dyes used 
for x-ray procedures (see PRECAUTIONS— General). 

4. inform your physician about any other medications you are currently taking, including nonprescription drugs, before you 
are administered this drug. 

Drug/Laboratory Test Interaction: |f iodine-containing isotopes are to be administered for the diagnosis of thyroid 

disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 

administration. Thyroid function tests which do not depend on iodine estimation, eg, Ta resin uptake or direct 

thyroxine assays, are not affected. Many radiopaque contrast agents are incompatible in vitro with some antihistamines and 

many other drugs; therefore, no other pharmaceuticals should be admixed with contrast agents 


OMNIPAQUE® injection (iohexol 





Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been performed to 
evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstraled due to 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, many injectable contrast 
agents are excreted unchanged in human milk. Although it has not been established that serious adverse reactions occur in 
nursing infants, caution should be exercised when intravascular contrast media are administered to nursing women Bottle 
feedings may be substituted for breast feedings for 24 hours following administration ot OMNIPAQUE 

Pediatric Use: Pedialric patients at higher risk of experiencing adverse events during contrast medium administration may 
include those having asthma, a sensitivity to medication and/or allergens, congestive heart failure, a serum creatinine > 1.5 
a or those less than 12 months of age 

ADVERSE REACTIONS 

Intravascular—General: Adverse reactions following the use of OMNIPAQUE are usually mild to moderate in severity 
However, serious, life-threatening, and fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The injection of contrast media is trequently 
associated with the sensation of warmth and pain, especially in peripheral angiography, pain and warmth are less frequent 
and less severe with OMNIPAQUE than with many contrast media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension (0 7%) 
Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were reported with an individual 
incidence of 0.3% or less. In controlled clinical trials involving 1.485 patients, one fatality occurred A cause and effect 
relationship between this death and iohexol has not been established 

Nervous System: Vertigo [including dizziness and lightheadedness] (0.5%), pain (3%), vision abnormalities [including 
blurred vision and pholomas] (2%), headache (2%), and taste perversion (1%). Others including anxiety, blurred vision, 
fever, motor and speech dysfunction, convulsion, paresthesia, somnolence, stiff neck, hemiparesis, syncope, shivering, 
transient ischemic attack, cerebral infarction, and nystagmus were reported, with an individual incidence of 0 3% or less 
Respiratory System: Dyspnea, rhinitis, coughing, and laryngitis, with an individual incidence of 0 2% or less 
Gastrointestinal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea. dyspepsia. cramp, and dry 
mouth were reported, with an individual incidence of less than 0.1% 

Skin and Appendages: Urticaria (0 3%), purpura (0.1%), abscess (0.1%), and pruritus (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed under that 
indication in full prescribing information. 

Pediatrics: In controlled clinical trials involving 391 patients for pediatric angiocardiography, urography, and contrast- 
enhanced computed tomographic head imaging, adverse reactions following the use of OMNIPAQUE 240, OMNIPAQUE 300 
and OMNIPAQUE 350 were generally less frequent than with adults. 

Cardiovascular System: Ventricular tachycardia (0.5%), 2:1 heart block (0.5%), hypertension (0 3%), and anemia (0 3%) 

Nervous System: Pain (0.8%), fever (0.5%), taste abnormality (0 5%), and convulsion (0 3%). 

Respiratory System: Congestion (0.3%) and apnea (0.3%) 

Gastrointestinal System: Nausea (1%), hypoglycemia (0.3%), and vomiting (2%) 

Skin and Appendages: Rash (0.3%) 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse ettects 
in addition to those discussed above. The following reactions have been reported after administration of other intravascular 
iodinated contrast media, and rarely with iohexol. Reactions due to technique: hematomas and ecchymoses. Hernodynaric 
reactions. vein cramp and thrombophlebitis following intravenous injection. Cardiovascular reactions: rare cases of cardiac 
arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, and 
cardiac arrest. Renal reactions: occasionally, transient proteinuria; and rarely, oliguria or anuria. Allergic reaciions 
asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as urticaria with or without pruritus, as well as 
pleomorphic rashes, sneezing, and lacrimation; and rarely, anaphylactic reactions. Rare fatalities have occurred due to this 
or unknown causes. Signs and symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or fo the nervous system: restlessness, tremors, convulsions. Other reactions. acl pain, warmth, metallic 
laste, nausea, vomiting, anxiety, headache, contusion, pallor, weakness, sweating, localized areas of edema (especially facial 
cramps), neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, sometimes accompanied by hyper- 
pyrexia. Infrequently, “iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after exposure 
and subsides by the sixth day 

In general, the reactions which are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent Approximately 95% of adverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderate in degree. However, severe, Pei Soa anaphylactoid 
reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 6.6 per 1 million 
(0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main feature being 
cardiac arrest, with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive collapse and shock 
are found in the literature. The incidence of shock is estimated to be 1 out of 20,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosyncratic reactions 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed of 
hc All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are included in 
this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years old. Idiosyncratic 
reactions may or may not be dependent on the amount of dose injected, the speed of injection, and the radiographic 
procedure. Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions are self-limited 
and of short duration; the severe reactions are life-threatening and treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in the 
general population. Patients with a history of previous reactions to a contrast medium are three times more susceptible than 
other patients. However, sensitivity to contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but delayed 
reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse reactions is higher with 

angiocardiography than with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, or 
myocardial ischemia or infarction may occur during pe: fp and lett ventriculography. Electrocardiographic and 
hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate sodium 
injection 
CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR INTRA- 
VASCULAR USE OF OMNIPAQUE. 
OVERDOSAGE: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly the 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmonary hemorrhage, 
convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of all vital functions and 
prompt institution of symptomatic lly 

The intravenous LDsg values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24 2 in mice and 15.0 in 
rats. 


DOSAGE AND ADMINISTRATION: Details are provided in the package insert. 
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ELEMA-SCHONANDER 


No Strings Attached 


The Rolloscope II Motorized Multiple Filmviewer is the 
best answer for viewing and reading radiographs. 
e Simple, reliable and fast 
e Enhances film handling throughput to help increase 
productivity 
e Lets you view an entire library of radiographs with no 
distracting strings to obstruct your view 
e Capacity of 200 14" x 17" films (more with smaller-size film) 
e Slanted viewing area eliminates glare from surrounding 
frames 
e Translucent continuous belt scrolls vertically to let you 
examine any two adjacent rows of radiographs — quickly, 
accurately, and comfortably 
Rolloscope |! is an ideal departmental filmviewer in 
e the angiography suite 
e the mammography suite 
e the MRI/CT unit 
e or for general radiologic needs. 


Rolloscope II Lets You See The Picture 


ROLLOSCOPE II 





Many additional standard features make the Holloscope || 
a best buy for your department. And it arrives ready to roll — 
without any major assembly. 

For more information on the Rolloscope |! Motorized Multiple 
Filmviewer, contact your Elema-Schonander representative or 
contact us direct. 


Elema-Schonander 
2360 North Palmer Drive, Schaumburg, IL 60173-3887 
Phone: (708) 397-5931, Telefax: (708) 397-5058 
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Setting the standards for filmviewers. 


PERSONAL COMPUTER/LASER VIDEODISC SYSTEM 
to assist you in the 


diagnosis of Skeletal Dysplasias 


A unique collection of 400 Skeletal Syndromes 
ZOOO Illustrations 


including 


e X-rays e Clinical pictures  * Chondro-osseous histology 
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AN ILLUSTRATED DATABASE OF SKELETAL DYSPLASIAS 
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for further information contact: 


Dr. Agnes Bankier — Medical Geneticist to the successful 
related POSSUM system. 


PO Box 1100 Parkville Victoria 3052 Australia 
Phone: (03) 345 5160 Fax: (03) 348 1391 
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The friendlier molecule 
and its pattern of protection 


The toxic portion of the 
contrast agent molecule is the 
iodinated benzene ring. In 
modern contrast agents, the 
ring is sheltered by hydroxyl 
groups arranged around it. If 
the arrangement is less than 
optimal, it can leave “holes” in 
the structure. 


The Optirays molecular 
structure provides a superior 
pattern of protection from the 
benzene ring with six hydroxyl 
groups arranged symmetrically 
around it.' In addition, Optiray 
has no hydrophobic (lipid- 
soluble) methyl group as in 
iopamidol and iohexol mole- 
cules. These are the reasons 
why one investigator has 
called Optiray the “friendlier” 


contrast media molecule.’ 


Balanced distribution of hydroxyl (OH) 
groups creates a pattern of priar: 
around the toxic iodinated benzene ring. 


With Optiray, you can 
expect a very low incidence of 
individual, drug-related adverse 
reactions.” Optiray also offers 
the safety, convenience, and 
cost-efficiency of the single-dose 


Ultrajects prefilled syringe. With 


all these advantages, shouldn t 
Optiray's friendlier molecule be 
your choice in a nonionic con- 
trast agent? For more informa- 
tion, contact your Mallinckrodt 
Medical representative or call 


us toll free at (800) 325-3688. 


Nonionic 


OP TIRAY 


(ioversol) 


—____»—--—— 


The friendlier molecule 


All nonionic iodinated contrast media 
currently available inhibit blood 
coagulation, in vitro, less than ionic 
contrast media. Clotting has been 
reported when blood remains in con- 
tact with syringes containing nonionic 
contrast media. Therefore, meticu- 
lous intravascular administration 
technique is necessary to minimize 
thromboembolic events. 


Please see adjacent brief summary of 
prescribing information. 
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OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
graphic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
Causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 





disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media, These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 


Adverse Reactions 
System > 1% = 1% 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 
vomiting 

cerebral infarct 
headache 

blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 

visual hallucination 


laryngeal edema 
nasal congestion 
sneezing 
coughing 

hypoxia 
periorbital edema 
urticaria 

facial edema 
flush 

pruritus 


extravasation 
shaking chills 
bad taste 
general pain 


Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


none 


Respiratory 


Skin 


none 


Miscellaneous none 


occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injectiun, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and brochospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
Studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
and urea nitrogen. Rapid and complete return of function usually 

ollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 
n day does not bind to plasma or serum protein and is therefore, 
ialyzable. 

he intravenous LD, values (gl/kg) for ioversol in animals were: 

17 (mice), and 15 (rats). 


DOSAGE AND ADMINISTRATION: Details on dosage 
oid ae in the package insert. CONSULT FULL PACKAGE INSERT 
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Breast Imaging at Sea 








July 5-12, 1992 
Musculoskeletal MRI at Sea 
July 12 - 19, 1992 


Attend one or both sessions 
The Breast Imaging section of the 1992 Cruise the Inland Passage meeting will be presented by Edward Sickles, M.D., Professor of 
Radiology and Director of Breast Imaging at the University of California, San Francisco Medical Center. The course will be presented 


through lectures and discussions. 


The Musculoskeletal Imaging/MRI section will be presented by Donald Resnick, M.D., Chief, Osteoradiology Section, Professor 
of Radiology, University of California, San Diego, and Gail M. Schlesinger, M.D., Clinical Assistant Professor of Radiology, Univer- 
sity of Southern California. This session will present a broad scope of topics in musculoskeletal imaging with an emphasis on 
magnetic resonance imaging. Application has been made for Category | CME accreditation. 


Registration fee: For either the Breast Imaging or Musculoskeletal/MRI sections of the course, US $460 until April 17,1992; US 
$495 thereafter for each section of the program. (Fellows, residents, interns, technicians and nurses with letter may deduct 


$100). 


Registrants for both sections may deduct US $200 from the appropriate total registration fee. All checks should be made payable to 
Medical Seminars International, Inc., in US Dollars and drawn on a US Bank. 


Ronald J. Friedman, M.D. 
Meeting Coordinator 





For further travel information: 


Pacifica Plaza Travel, Inc. 


5839 Green Valley Circle, Suite 202, Culver City, CA 90230 
(800) 927-4778 © (310) 649-6677 « FAX (310) 568-0402 
ATTN: Ms. Jewell Ramos 
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18981 Ventura Blvd., Suite 303, Tarzana, CA 91356 
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standard modalities including %7 
ultrasound, mammography, and 
CT—little or no interventional. Requires 
competence in MR and independent reading in 
multiple out-patient multi-site clinics and at 
central imaging center (system has 80,000+ 
yearly examinations and is rapidly growing). 
Reasonable hours, minimal weekend and call 
responsibilities. Excellent salary leading to full 
partnership. Great opportunity to enjoy career 
and life. Call, or submit CV to: 


Ruthan Smith 
(800) 338-4798 outside CA 
(714) 825-4401 in CA 
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CHIEF OF RADIOLOGY 
HARBORVIEW MEDICAL CENTER 


The University of Washington School of Medicine, Seattle, 
WA, invites nominations and applications for the position 
of Chief of Radiology at Harborview Medical Center, a 
University of Washington teaching hospital. We seek an 
experienced physician/administrator with strong commit- 
ment to academic radiology, patient care, and teaching. The 
candidate must be board certified by the American Board 
of Radiology and meet the academic requirements for 
Professor or Associate Professor at the University of Wash- 
ington School of Medicine. The individual chosen as Chief 
of Radiology will be responsible for all professional radio- 
logic and nuclear medicine services and must have vision, 
vigor, and will to build an academic radiology program 
commensurate with the mission of Harborview Medical 
Center. The University of Washington is an affirmative 
action, equal opportunity employer. Please send CV to: 


Richard K. Root, M.D. 
Professor of Medicine . 
Chairman, HMC Radiology Search.Committee™ 
University of Washington | 
325 Ninth Avenue 
ZA-65 
Seattle, WA 98104-2499 
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Blunt Upper Abdominal Trauma: Evaluation by CT 


Neil T. Wolfman,’ Robert E. Bechtold,’ Eric S. Scharling,' and J. Wayne Meredith? 


CT is the technique of choice for initial examination of hemo- 
dynamically stable patients after blunt abdominal trauma. It is 
highly sensitive, specific, and accurate for use in detecting the 
presence or absence of injury and defining its extent. Nonoper- 
ative management of many posttraumatic injuries, particularly in 
the liver, spleen, and kidney, is possible in part because of the 
diagnostic usefulness of CT. CT can be used effectively to visu- 
alize the progression of liver and spleen injuries in those patients 
chosen for conservative management. CT helps in treatment 
decisions in patients with renal injury by defining the character 
and extent and distinguishing minor from severe renal trauma. 
Posttraumatic injuries to the pancreas, bowel, and mesentery can 
be detected with CT. In these areas, however, signs may be 
subtle, and a significant injury may be missed on an initial 
examination. 


Trauma is the third leading cause of death in the United 
States and the leading cause of death in persons less than 
40 years old [1, 2]. It is currently one of America’s costliest 
health problems [3, 4]. Two important advances in the treat- 
ment of trauma patients in the past decade have been the 
creation and development of the Emergency Medical Service 
system and the widespread use of CT to examine patients 
[2]. The Emergency Medical Service system defines the level 
of trauma care available at individual hospitals and identifies 
dedicated trauma centers (levels | and II centers) for desig- 
nated geographic areas. Referring trauma victims to such 
centers for treatment results in reduced morbidity and mor- 
tality rates [2]. CT has become an integral part of the clinical 
evaluation of traumatized patients because of its high sensi- 
tivity, specificity, and accuracy in detecting the presence and 
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extent of injury to the head, abdomen, chest, pelvis, and 
skeleton [2, 5-11]. 

CT examination of the abdomen has largely replaced other 

imaging techniques in the evaluation of hemodynamically 
stable patients. It is performed in patients in whom the ab- 
domen cannot be evaluated adequately by clinical examina- 
tion because of altered mental status (e.g., ethanol or drug 
abuse, head injury), in those in whom findings on clinical 
abdominal examination are equivocal, and in those with sig- 
nificant pelvic fractures or history of multiple operations [2, 5, 
6, 8, 9, 12]. CT is not performed in hemodynamically unstable 
patients and in patients with obvious signs of peritonitis who 
require immediate surgery. For rapid evaluation of the extent 
of abdominal injury, diagnostic peritoneal lavage (DPL) can be 
performed either immediately before or during exploratory 
surgery. 
-= DPL is very sensitive for detecting hemorrhage, is quick 
and simple to perform, and does not require sophisticated 
equipment. However, the test cannot differentiate inconse- 
quential from significant bleeding [2, 13], resulting in unnec- 
essary laparotomies in 6-25% of cases [6, 7, 14]. DPL also 
cannot show the location or extent of injury. Furthermore, it 
does not show injuries of the retroperitoneum, and thus is 
insensitive to trauma to the pancreas, the kidneys, and the 
retroperitoneal portion of the duodenum. Traumatic cannula 
insertion, rents in the peritoneal membrane that allow blood 
from a retroperitoneal injury to enter the abdominal cavity, 
and pelvic fractures can result in false-positive examinations 
iT, Val. 

CT has replaced DPL in many centers for the initial evalu- 
ation of suspected abdominal injury in stable patients [2, 7, 
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11, 12]. Although many studies [5, 9, 11] have confirmed the 
value of CT compared with DPL, these results are somewhat 
controversial. Other reports [2, 16-19] show CT to be less 
valuable than DPL, particularly in injuries to the bowel or 
mesentery, and both CT and DPL may be warranted in such 
cases. DPL is best performed after CT to avoid interpretive 
errors because of fluid and free air introduced by the lavage 
procedure. Important diagnostic information may still be ob- 
tained from CT after DPL by accounting for these factors [18, 
20]. 

The use of CT in the examination of patients with blunt 
abdominal trauma, along with a trend toward nonoperative 
management of many abdominal injuries, has decreased the 
need for exploratory surgery and reduced the frequency of 
nontherapeutic laparotomies [2, 6, 7, 9]. In fact, the trend 
toward conservative and nonoperative treatment of many 
liver, spleen, and kidney injuries is due in part to the ability of 
CT not only to define injury but also to exclude significant 
injury, thereby avoiding unnecessary surgery. The final deci- 
sion to operate should be based on CT findings in conjunction 
with the entire clinical picture and judgment of the attending 
trauma surgeon [2, 21]. In this article, we review the CT 
findings in patients with blunt upper abdominal trauma and 
the impact of these findings on treatment. 


Technique 


Proper technique is critical for accurate abdominal CT 
examination of patients with blunt abdominal trauma. To 
opacify bowel, the patient is given approximately 500 ml of 
oral contrast medium (1-3% solution of diatrizoate sodium or 
diatrizoate meglumine/diatrizoate sodium) orally or via naso- 
gastric tube approximately 30-45 min before CT and an 
additional 250 ml just before scanning. To avoid imaging 
artifacts, the patient’s arms are placed above the abdomen if 
possible and monitoring devices, tubes, and wires are posi- 
tioned out of the scan plane. If a nasogastric tube is in the 
stomach, it is partially withdrawn so that the tip is positioned 
within the distal esophagus and repositioned after the exam- 
ination is completed. A large field of view decreases artifacts 
from structures that cannot be removed from the scan field. 
Restraints or sedation may be necessary to avoid motion 
artifacts in patients unable to maintain the proper position. 
Fast scans (<2 sec) may be performed with many scanners 
to minimize motion artifacts. 

Kelly et al. [22] recommended performing an unenhanced 
study before the contrast-enhanced study to visualize hyper- 
dense hematomas that may become isodense after IV con- 
trast administration. In their study, however, all significant 
visceral injuries were seen on contrast-enhanced examina- 
tions. Only minor injuries that did not lead to a change in 
treatment were seen exclusively on unenhanced studies. 
Missing an isodense hematoma can be avoided by using 
adequate volumes of contrast material and by recognizing 
the irregular contour of the clot at its interface with the organ 
in question. Therefore, most authors do not do a preliminary 
unenhanced examination [5, 6, 9, 21, 23, 24]. 
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IV contrast material can be given as an initial bolus of 
approximately 50 ml at a rate of 2-3 ml/sec, followed by a 
rapid infusion at 1 ml/sec. Alternatively, a single sustained 
bolus of contrast material at a rate of 1-3 ml/sec may be 
administered, particularly if dynamic scanning capability is 
available. The dose is altered for children to 2-3 ml/kg body 
weight. A mechanical injector is useful for regulating the flow 
of contrast material, and dynamic scanning techniques are 
used to decrease examination time in this group of patients 
in whom expediency can be critical to successful treatment. 
Scans are usually taken at 1-cm intervals from the dome of 
the diaphragm through the abdomen and at 1.5- to 2.0-cm 
intervals through the pelvis. Patients are monitored through- 
out the examination, and emergent resuscitation equipment 
should be readily available. In addition to soft-tissue window 
settings, lung window settings are obtained for evaluation of 
the lower chest for significant injuries such as pneumothorax, 
lung parenchymal injuries, or free peritoneal air indicating 
hollow viscus injury, and bone window settings are used for 
bony fractures [5]. It is also useful to view images directly on 
the console video monitor, so that window and level settings 
can be manipulated to appreciate subtle but potentially sig- 
nificant findings. After the study, oral contrast material can be 
withdrawn from the stomach via a nasogastric tube if 
indicated. 


CT Findings and Management Decisions in Blunt 
Abdominal Trauma 


Many trauma patients have multiorgan injuries. Therefore, 
a thorough evaluation of all abdominal components is war- 
ranted in each case. 


Hemoperitoneum 


Hemoperitoneum is easily seen on CT and may be the only 
or most obvious sign of abdominal injury. Its presence should 
prompt a thorough search for injury to visceral organs. He- 
moperitoneum is differentiated from other fluid because of 
increased attenuation, averaging 45 H and always greater 
than 30 H if less than 48 hr old [25]. Hemoperitoneum tends 
to be identified near the source of bleeding, spreading 
throughout the abdominal cavity and into the pelvis along 
pathways common to all abdominal fluid collections, as de- 
scribed by Meyers [26]. Free collections of intraperitoneal 
blood are most often seen in the Morison pouch, the most 
dependent peritoneal recess in the upper abdomen, and are 
frequently seen in the perihepatic space and the right paracolic 
gutter. The pelvis is the most dependent portion of the 
peritoneal cavity, and large collections of blood may be pres- 
ent in the pelvis even when little blood is seen in the abdominal 
recesses [25]. 

Federle and Jeffrey [25] used CT to quantify hemoperito- 
neum into small, moderate, and large collections. They at- 
tempted to correlate estimates of the amount of hemorrhage 
with severity of visceral organ injury and outcome from either 
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operative or nonoperative treatment. Kearney et al. [18], 
however, using Federle and Jeffrey's classification, did not 
find quantification of hemoperitoneum useful in predicting the 
need for surgery. CT is useful, however, for detecting the 
resolution of hemoperitoneum [25, 27]. 

Clotted blood has higher attenuation (>60 H) than does 
free blood [25]. A localized collection of clotted blood, the 
“sentinel clot,” is an accurate sign of injury to an adjacent 
organ [28]. This sign may help in detecting subtle bowel, 
mesenteric, or splenic lesions. 

The presence of hemoperitoneum on a single CT study 
does not indicate that active bleeding is present. Jeffrey et al. 
[29], using dynamic scanning techniques, recently described 
CT signs of active intraabdominal arterial bleeding. Most 
frequently seen is a focal high-density area of 80-130 H 
(higher attenuation than free or clotted blood) that is isodense 
with adjacent major arteries (Fig. 1). Seen less frequently, a 
diffuse high-density area may simulate extravasation of oral 
contrast material from perforated bowel, although other signs 


Fig. 1.—Renal fracture in 20- 
year-old man involved in motor ve- 
hicle accident. Enhanced CT scan 
shows kidney has been completely 
separated into two perfused poles 
by a severe laceration. Hematoma 
is seen between two poles. Focal 
areas of extremely high attenuation 
represent active bleeding. Patient 
died on day of admission. 





Fig. 2.—Splenic laceration with subcapsular 
and perisplenic hematoma in 36-year-old 
woman with hypotension after a fall 1 week 
before admission. Enhanced CT scan shows 
an irregular, linear, low-density laceration (ar- 
row) traversing spleen. Lateral contour of 
spleen is indented from subcapsular hema- 
toma. Density of clotted blood (arrowhead) is 
increased when compared with nonclotted por- 
tion of hematoma. Large volume of hemoperi- 
toneum in right perihepatic space and sur- 
rounding left lobe of liver also is seen. CT 
findings were confirmed at surgery. A splenec- 
tomy was performed, and hemoperitoneum 
was evacuated. 





Fig. 3.—Injury of liver and spleen in 60-year-old 
woman after a motor vehicle accident. Enhanced 
CT scan shows low-density splenic hematoma 
posteriorly. Spleen also contains multiple lacera- 
tions (arrow). Perisplenic and perihepatic blood 
and liver laceration also are present. Exploratory 
laparotomy confirmed CT findings. 
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of bowel perforation are not present. In most patients with 
active intraabdominal bleeding, CT is rarely performed be- 
cause of hemodynamic instability. Occasionally, however, a 
patient with active abdominal hemorrhage may become hemo- 
dynamically stable and then undergo CT. Detection of hem- 
orrhage is then of vital importance, so that proper, potentially 
life-saving treatment can be instituted quickly. 

Signs of hypovolemic shock on CT include a small aorta, a 
collapsed inferior vena cava, marked enhancement of the 
kidneys, and initially diminished density of spleen compared 
with liver after contrast enhancement [30-33]. Taylor and 
Rosenfield [34] described a hypoperfusion complex in children 
that consists of marked, diffuse dilatation of the intestine by 
fluid; abnormally intense contrast enhancement of the bowel 
wall, mesentery, kidneys, and/or pancreas; decreased caliber 
of the aorta and inferior vena cava; and significant abdominal 
fluid. 


Spleen 


The spleen is the most frequently injured organ in patients 
with blunt abdominal trauma [5]. CT is extremely sensitive 
and specific in determining the presence and extent of splenic 
injury in the traumatized patient, and the CT features of 
splenic trauma have been well described [2, 35]. Subcapsular 
hematomas appear as crescentic fluid collections that flatten 
or indent the splenic margin (Fig. 2). Initially, hematomas may 
be isodense with splenic parenchyma on contrast-enhanced 
scans, particularly if adequate volumes of contrast material 
are not given [20, 35]. Intrasplenic hematomas are seen on 
CT as rounded low-density areas (Fig. 3). Lacerations appear 
as linear low-density areas within the spleen (Fig. 2). Multiple 
lacerations may have the appearance of a fragmented or 





Fig. 4.—Shattered spleen in 26-year-old woman 
after motor vehicle accident. Enhanced CT scan 
shows multiple lacerations and fragmentation of 
spleen. Large hemoperitoneum also is present, 
surrounding both spleen and liver. Hemoperito- 
neum extended into pelvis. Exploratory laparot- 
omy confirmed CT findings. 
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shattered spleen (Fig. 4). Unenhancing portions of the spleen 
should suggest injury or thrombosis of the artery to the 
affected segment. 

Disruption of the splenic capsule results in visible hemo- 
peritoneum in up to 98% of patients with splenic injury [35]. 
Perisplenic clot also is associated with splenic injury. Both 
hemoperitoneum and perisplenic clot may be present in cases 
of splenic injury without evidence of a splenic laceration on 
CT. Therefore, presence of either should prompt a search for 
splenic injury. Occasionally, splenic injury may manifest as 
heterogeneous parenchyma with a mottled irregular enhance- 
ment [35]. This finding is almost always associated with 
peritoneal blood and perisplenic clot and by itself is merely 
suggestive of splenic injury. The spleen also may transiently 
appear inhomogeneous during the early capillary phase of a 
contrast-enhanced dynamic CT study. 

Certain findings on CT may result in a false-positive diag- 
nosis of splenic injury. Splenic lobulations and congenital 
clefts, and a prominent left hepatic lobe extending across the 
midline to lie immediately adjacent to the spleen, may simulate 
a splenic laceration [36]. Streak and motion artifacts can also 
result in incorrect diagnoses. The spleen may seem to enlarge 
on serial CT scans after blunt abdominal trauma [37]. This is 
a result of initial splenic contraction from adrenergic stimula- 
tion at the time of acute injury, which resolves with time and 
volume replacement. 

Although rare, delayed splenic rupture has been reported 
in patients in whom an initial CT scan after injury showed no 
evidence of splenic abnormality [34, 38-40]. Suboptimal con- 
trast enhancement techniques may be partially responsible 
for this missed diagnosis [41]. Subtle innomogeneities of the 
splenic parenchyma and minimal thickening of the lateroconal 
fascia and the left anterior renal fascia may be the only signs 
initially seen in some cases of delayed splenic rupture [40]. 

King and Shumacker [42] first reported overwhelming sep- 
sis in five children after splenectomy, two of whom died. 
Other reports followed, confirming the increased risk of late 
sepsis after splenectomy in both children and adults [43]. 
This observation has encouraged nonoperative management 
and splenic salvage procedures in appropriate patients [2, 
43-45]. The role of CT in selecting between conservative and 
operative treatment of splenic injuries remains unclear. Mirvis 
et al. [46], using a CT classification of four grades of splenic 
injury, found that although patients with severe splenic injury 
generally required laparotomy, eight of 23 such patients were 
treated successfully without surgery, and four of 15 patients 
with minor injury, initially treated conservatively, eventually 
required celiotomy. Buntain et al. [10] had more success in 
predicting outcome of splenic injury by using a CT classifica- 
tion that, in addition to grading splenic trauma, used modifiers 
for other intraabdominal and extraabdominal injuries. In their 
series, only patients with minor injuries were selected for 
nonoperative management, and all others had laparotomy. 
Resciniti et al. [47] devised a numeric CT scoring system that 
graded severity of splenic injury on a scale of 1-3 and scored 
1 point each for the presence of perisplenic fluid, abdominal 
intraperitoneal fluid, and pelvic intraperitoneal fluid. Question- 
able observations received 0.5 points. In their series, no 





AJR:158, March 1992 


patient with a score lower than 2.5 who was initially managed 
nonoperatively required celiotomy. Umlas and Cronan [48] 
applied the grading systems of Buntain et al. and Resciniti et 
al. to determine whether the outcome of nonsurgical manage- 
ment could be predicted on the basis of CT findings. They 
found that these systems were not completely reliable. In 
particular, delayed splenic rupture remains a distinct problem 
in a small percentage of patients in whom the spleen is normal 
or shows only a limited injury on the initial CT scan [48, 49]. 
On the other hand, Brick et al. [21] have shown that moderate 
or severe splenic injury in children or injury associated with a 
moderate or large amount of hemoperitoneum may be treated 
successfully without surgery. At this time, although CT is 
extremely useful in characterizing initial injury and following 
the evolution of splenic trauma, the final decision on whether 
to operate or not should be made by the trauma surgeon on 
the basis of clinical factors and not entirely on the CT findings. 


Liver 


The liver is preceded only by the spleen in frequency of 
injury from abdominal trauma. In 22-61% of patients with 
hepatic injuries, significant damage is obvious, and because 
of shock or peritonitis such patients have immediate surgery 
without preliminary imaging studies. As with splenic trauma, 
CT has proved to be highly sensitive, specific, and accurate 
in defining and characterizing hepatic injury and associated 
hemoperitoneum in hemodynamically stable patients [5, 11, 
27, 50]. In all reported series, the right hepatic lobe is injured 
more frequently, probably because of its larger size and 
proximity to the lower ribs [21, 50, 51]. 

The CT findings in hepatic injury are similar to those seen 
in the spleen; they include contusions (the mildest injury), 
subcapsular hematomas, intraparenchymal hematomas, and 
single or multiple lacerations and fractures through the hepatic 
parenchyma [7, 27, 50] (Figs. 3 and 5). Lack of enhancement 
of fractures indicates loss of vascular supply with the potential 
for hepatic necrosis. Periportal tracking (areas of perivascular 
low-attenuation surrounding peripheral subsegmental portal 
venous branches) also has been described as a sign of hepatic 
injury on CT and may be the only finding [51] (Fig. 6). Although 
Macrander et al. [51] presume that such tracking is a sign of 
blood, Cox et al. [52] ascribe the finding to distension of 
periportal lymphatics because of associated hypotension and 
subsequent large fluid volume replacement in traumatized 
patients with no other evidence of abdominal trauma. Hepatic 
subcapsular and parenchymal gas seen on CT 2-3 days after 
hepatic trauma may be due to hepatic necrosis and may not 
be related to infection [53]. 

The liver has a remarkable ability to heal even after severe 
injury. Therefore, nonoperative management of such injuries 
in hemodynamically stable patients is now accepted. Unlike 
the spleen, the liver does not exhibit delayed rupture. Attempt- 
ing to define the role of CT in management decisions, Moon 
and Federle [50] and Meyer et al. [54] reported that limited 
hepatic injury without evidence of active bleeding and with 
little or no hemoperitoneum could be managed successfully 
without surgery. More recently, it has been shown that stable 
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Fig. 5.—Liver lacerations in 37-year-old woman 
injured in motor vehicle accident. Enhanced CT 
scan shows multiple irregular, low-density linear 
defects within liver, representing lacerations. Lac- 
erations extend to medial and lateral surfaces of 
liver. Patient remained hemodynamically stable 
and was treated nonoperatively. 


Fig. 6.—Periportal tracking in 16-year-old boy 
injured in motor vehicle accident. Circumferential 
low-attenuation areas surround portal venous 
branches. No other signs of injury were seen on 
this enhanced CT scan. Patient was treated non- 
operatively. 


5 


patients with severe hepatic injuries and significant hemoper- 
itoneum also may be treated nonoperatively without signifi- 
cant sequelae [21, 27, 55]. Jeffrey [49] states that CT staging 
of blunt hepatic injuries has little discriminatory value in pre- 
dicting outcome of stable patients, as nearly all have an 
excellent prognosis. Other abdominal injuries may, however, 
require laparotomy. 

Management decisions in the setting of hepatic injury 
should be based on clinical factors, and CT should be used 
to depict the injury and detect healing and resorption of 
hemoperitoneum. Peritoneal blood is normally resorbed and 
therefore significantly reduced or absent within 1 week on 
follow-up CT scans [27]. Otherwise, continued hemorrhage 
should be suspected. Subcapsular hematoma usually re- 
solves within 6-8 weeks [56]. Intraparenchymal hematomas 
heal much more slowly and may persist for several years, as 
bile in the hematoma delays clot resorption and adversely 
affects parenchymal healing [56]. Persistent intraparenchymal 
hematoma appears as a collection with a high attenuation 
(30-50 H). A water-density posttraumatic cyst or biloma may 
result. Lacerations, conversely, appear to heal more rapidly, 
and significant healing is seen on serial CT examinations over 
a 3-week period [27]. Clearly, any patient selected for con- 
servative therapy requires continued hemodynamic monitor- 
ing and laboratory assessment; transfusion as needed; and 
the availability of nursing, surgical, and imaging facilities if 
hemodynamic instability develops [27, 55]. 


Kidney 


Renal injuries after blunt abdominal trauma can be cate- 
gorized as minor, intermediate, and severe [57-60]. Most 
renal injuries (75-85%) are minor and include contusions, 
intrarenal hematomas, small subcapsular hematomas, small 
lacerations that do not communicate with the collecting sys- 
tem, and small segmental infarcts. Patients are usually hemo- 
dynamically stable, have microscopic hematuria, and are 
treated conservatively. Intermediate injuries, which account 
for approximately 10% of renal trauma, include deep lacera- 
tions that communicate with the collecting system and result 
in urine extravasation. Treatment of such injuries is somewhat 
controversial; some advocate conservative management un- 
less severe bleeding or clinical deterioration ensues; others 
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stress early surgery to avoid complications [58-60]. The 
remaining 5% of renal injuries are severe, including shattered 
kidneys, renal pedicle injuries, and avulsion and laceration of 
the renal pelvis. These catastrophic injuries require immediate 
surgery. 

Of all imaging techniques, CT most accurately depicts the 
character and extent of renal injury, best displays perirenal 
hematomas and extravasation of urine, best distinguishes 
between the categories of renal trauma, and, therefore, is 
most useful in case management [57, 58, 61, 62]. CT also 
detects associated injuries within the peritoneal cavity and 
retroperitoneum that may influence management. In a stable 
patient with a suspected isolated renal injury, excretory urog- 
raphy will usually suffice as an initial examination [58, 62, 
63]. Normal findings on excretory urography exclude signifi- 
cant renal injury. However, evidence of significant renal 
trauma on excretory urography often requires further evalu- 
ation with CT. 

The appearance of renal injuries on enhanced CT has been 
well documented [57-60, 62]. Contusion, the mildest renal 
injury, results in edema and extravasation of small amounts 
of blood and urine into the interstitial space [58, 62]. Contu- 
sion may be subtle and missed on contrast-enhanced CT. 
When present, it appears as poorly defined areas of de- 
creased enhancement. Lang et al. [62] described the appear- 
ance of a small collection of contrast medium in the renal 
interstitium on delayed scans as a sign of contusion. Contu- 
sions usually resolve within 1 week. 

Intrarenal hematomas appear as areas of decreased en- 
hancement that may be poorly defined or well marginated. 
Subcapsular hematomas are confined by the renal capsule, 
are often lenticular, and may flatten the renal border. An 
apparent low-attenuation region around the surface of the 
kidney may be caused by respiratory motion during the scan 
and can result in a false diagnosis of subcapsular hematoma 
[60]. In such cases, a similar appearance is noted anterior to 
the abdominal wall. 

Lacerations appear as focal parenchymal injuries with de- 
creased enhancement. If they involve the collecting system, 
contrast-laden urine extravasates and is easily seen on CT 
(Fig. 7). A significant perirenal hematoma is usually present 
with severe lacerations. Because of fascial fusions in the 
retroperitoneum, hematomas due to or associated with renal 
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Fig. 7.—Renal laceration extending 
into collecting system in 37-year-old 
man injured in motor vehicle accident. 
Enhanced CT scan shows contrast ex- 
travasation (arrow). Posterior segment 
of kidney is not enhanced, denoting 
loss of vascular supply. Perirenal he- 
matoma also is seen. Nephrectomy was 
performed. 
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Fig. 8.—Left renal pedicle injury in 36-year-old 
woman after motorcycle accident. CT scan was ob- 
tained after peritoneal lavage and excretory urogra- 
phy. Left kidney does not enhance because of renal 
pedicle injury. Perirenal and anterior pararenal hema- 
tomas are noted also. Typical appearance of wedge- 
shaped perfusion defect representing segmental renal 
infarct (arrow) is seen in right kidney. L1 vertebral 
burst fracture also is present with surrounding hema- 
toma. An avulsed left renal artery was found at 
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Fig. 9.—Pancreatic laceration in 29-year-old man 
who fell 9 m from a tree. Enhanced CT scan shows 
site of laceration (arrow) at junction of body and tail 
of pancreas. Associated peripancreatic fluid and 
thickening of left anterior pararenal fascia also are 
noted. Splenic laceration with a segmental perfusion 
defect, seen anteriorly in spleen on this image, was 
due to loss of vascular supply. CT findings were con- 
firmed at exploratory laparotomy. 


surgery. 


trauma tend not to cross the midline; the presence of such a 
hematoma should prompt a search for injury to the aorta, its 
branches, or other midline structures [57]. Lacerations that 
completely transect the kidney into two separate poles are 
often called fractures (Fig. 1). Lacerations usually occur par- 
allel to the main vascular structures, preserving them, and 
parenchymal enhancement is observed. The margins of lac- 
erated fragments may have an inhomogeneous, mottled ap- 
pearance, possibly the result of vasospasm. The shattered 
kidney contains multiple lacerations, some of which may shear 
across vascular planes and produce devascularized frag- 
ments with nonenhancing parenchyma. A section through 
the hilar lip of the kidney may appear as a fracture, but 
its characteristic posterolateral location should prevent 
confusion. 

A segmental renal infarct may result from injury to an 
intrarenal or polar arterial branch [60] and appears as a 
wedge-shaped or hemispheric area of nonperfusion with the 
apex pointing toward the renal hilum (Fig. 8). A thin enhancing 
rim may be seen [62]. Eventually a deep scar forms in the 
area of infarction. 

Laceration of the renal pelvis or avulsion of the ureteropelvic 
junction causes extravasation of contrast-laden urine. Extrav- 
asation without evident renal injury should raise suspicion of 
such injuries of the renal pelvis [60]. 

In many cases an injury of the renal pedicle resulting in 
arterial or venous occlusion can be clearly documented on 
CT because the kidney does not enhance (Fig. 8). A cortical 
rim of enhancement may be present as a result of collateral 
blood flow from the capsular arteries. An abrupt cutoff of the 
contrast-enhanced renal artery is seen occasionally [64]. The 
reliability of CT in detecting injuries of the renal pedicle is in 
dispute. Sclafani et al. [57] consider CT the method of choice 
and confirmatory angiography unnecessary. Lupetin et al. 
[64], using CT, diagnosed renal artery occlusion in all seven 


patients in their series. Lang et al. [62], on the other hand, 
found CT less reliable in the detection of trauma to the renal 
artery, as the diagnosis was missed on CT in five of seven 
patients in their series. Injury to the renal vein after blunt 
trauma is missed more often than injury to the artery; in 
addition to lack of enhancement, the kidney may appear 
enlarged, the rim enhancement may be thicker, and thrombus 
in the vein may be seen [58]. 


Pancreas 


Pancreatic injuries, including pancreatic duct disruption, 
fractures, contusions, and traumatic pancreatitis, represent 
3-12% of all abdominal injuries from blunt trauma. They are 
Clinically important, however, because death occurs in 16- 
20% of cases of pancreatic trauma, and major posttraumatic 
complications (pseudocyst, abscess, hemorrhage, acute re- 
curring pancreatitis, and fistulae) occur in one of three survi- 
vors [17, 65, 66]. Delay in diagnosis leads to an increase in 
the mortality and morbidity rate. The typical clinical findings 
of upper abdominal pain, leukocytosis, and increased serum 
amylase may not be apparent for one or more days after 
acute pancreatic trauma. In addition, an increase in the serum 
amylase level after trauma may be present without pancreatic 
injury [67]. 

Pancreatic injury may be difficult to diagnose on CT [17, 
65]. Little evidence of pancreatic injury may appear on CT 
examinations performed soon after the traumatic event [65]. 
Pancreatic duct disruption is the most significant pancreatic 
injury. Although this abnormality cannot be seen directly on 
CT, associated injury to the pancreas may be detected. 
Fracture of the pancreas, depicted as a clear separation or 
low-density line through the long axis, occurs most commonly 
in the neck of the pancreas as a result of compression of the 
organ against the spine [67] (Fig. 9). Thickening of the left 
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anterior renal fascia, although not specific for pancreatic 
injury, is frequently present and should raise the possibility of 
pancreatic injury [65]. Other signs include focal or diffuse 
enlargement of the organ, areas of decreased attenuation, 
and peripancreatic edema and fluid collections [17, 65, 67]. If 
the possibility of pancreatic trauma persists despite initially 
normal CT findings, a second CT examination in 12-24 hr 
may be warranted, because signs of injury can be delayed. 
ERCP, which directly visualizes the pancreatic duct, may also 
be necessary for further evaluation when CT findings are 
equivocal or CT is technically inadequate [65]. Immediate 
Surgery is the recommended treatment for pancreatic 
fracture. 


Bowel and Mesentery 


Bowel and mesentery injuries are reported to occur in 5% 
of blunt trauma cases [68]. As these injuries are most com- 
monly seen in restrained motor vehicle accident victims, the 
incidence may rise as seat belt usage increases [16]. Early 
diagnosis is important. In patients with duodenal perforation, 
surgery performed within 24 hr of injury has a 5% mortality 
rate, whereas delayed diagnosis and treatment leads to a 
mortality rate of 65% [68, 69]. Unfortunately, clinical signs 
initially may be subtle or absent. 

CT signs of bowel and mesenteric injury include extralu- 
minal air, extravasation of oral contrast material, peritoneal or 
retroperitoneal fluid, thickened bowel wall, high-density clot 
(sentinel clot) adjacent to the involved bowel, and focal mes- 
enteric infiltration [16, 68]. Free air in either the peritoneal 
cavity or the retroperitoneum from injury to the retroperitoneal 
duodenum, small bowel, or colon is a relatively specific sign 
of bowel perforation but is seen in only half of cases [68, 69] 
(Fig. 10A). The volume of air may be quite small and subtle. 
Wide window or lung settings will aid in detection. The most 
common location in which to detect free intraperitoneal air is 
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the subdiaphragmatic area, anterior to the liver. Extraluminal 
air also may be present within the leaves of the mesentery or 
in the retroperitoneum, particularly in the anterior pararenal 
space. Occasionally, pneumoperitoneum results from pneu- 
momediastinum, pneumothorax, bladder rupture, or previous 
peritoneal lavage and is not related to bowel trauma [17, 
70]. Extravasation of oral contrast material from the bowel 
lumen is a specific sign of bowel perforation (Fig. 11). Unfor- 
tunately, its presence is shown on CT in only a minority of 
cases. Intraabdominal fluid, although seen in nearly all cases 
of bowel or mesenteric injury, is not a specific indicator. 

Moderate or large amounts of fluid are associated with 
significant bowel or mesenteric trauma. If no associated solid 
visceral injury is noted, bowel or mesenteric injury should be 
suspected [16, 68]. Focal mesenteric infiltration is also a 
frequently seen but nonspecific sign. A localized high-atten- 
uation mesenteric hematoma or intramural hematoma can 
help localize the site of injury [28, 71] (Fig. 10B). Thickened 
bowel is seen in about 75% of cases with transmural lacera- 
tion. Therefore, its absence does not exclude bowel injury 
[68]. 

Although Rizzo et al. [68] report high sensitivity in detecting 
bowel and mesentery injuries, other authors indicate that this 
diagnosis may be difficult with CT [2, 17, 33, 72]. This difficulty 
may be due in part to the subtlety of the findings and the fact 
that presentation of signs and symptoms may be delayed. 
The initial CT examination may be done before the clinical 
signs are manifest [17, 33, 68]. The coordinated use of CT 
and peritoneal lavage for diagnosis of bowel and mesenteric 
injuries has been suggested [16, 18]. 


Miscellaneous Abdominal Trauma 


Gallbladder injury after blunt abdominal trauma is uncom- 
mon, occurring in 2-3% of cases [73, 74]. Laceration or 
perforation, complete avulsion, or intramural contusion can 





Fig. 10.—Perforated jejunum in 37-year-old man injured in motor vehicle accident. 
A, Enhanced CT scan shows free intraperitoneal air due to jejunal perforation anterior to liver. 


Wide window settings are used to accentuate display of free air. 


B, CT scan at level caudal to A shows localized high-attenuation hematoma adjacent to mildly 
dilated loop of bowel denoting site of injury. Free intraperitoneal blood also is seen in both right and 
left paracolic gutters. Exploratory laparotomy revealed a perforated jejunum, torn mesentery, and 


ischemic ileum. 


Fig. 11.—Perforated duodenum in 38-year-old 
man hit by a train. CT scan shows extravasation 
of oral contrast material from duodenum at site of 
injury (arrow). Free peritoneal fluid is noted in 
Morison pouch. Diffuse mesenteric edema also is 
present. CT findings were confirmed at exploratory 
laparotomy. 








Fig. 12.—Traumatic rupture of left hemidiaphragm in 20-year-old man 
injured in motor vehicle accident. CT scan shows that stomach, containing 
oral contrast medium, has herniated through diaphragmatic rupture and 
lies within thoracic cavity. Left hemidiaphragmatic rupture was confirmed 
at exploratory laparotomy. 


occur. On CT, the gallbladder may contain high-density hem- 
orrhage with associated peritoneal blood; low-density fluid 
associated with bile leakage also may be present [73, 74]. 
Hemobilia is likely if high-attenuation material is seen in the 
gallbladder, and other causes of increased density, such as 
stones, contrast material, and milk-of-calcium bile, can be 
excluded [75]. Diaphragmatic rupture occurs in 1-2% of 
patients after blunt abdominal trauma and almost always 
affects the left side [76, 77]. This injury is difficult to diagnose 
with any imaging technique and is often missed on CT [76]. 
Herniation of abdominal contents through the diaphragm may 
be seen occasionally [77] (Fig. 12). 

Traumatic adrenal hemorrhage occurs in up to 25% of 
patients after severe trauma [78, 79]. In 85% of cases hem- 
orrhage is right-sided and in 20% of cases it is bilateral. On 
CT, adrenal hemorrhage appears as a hyperdense mass (50- 
75 H) with streaky infiltration into the periadrenal fat and 
thickening at the adjacent diaphragmatic crus [78]. Abnor- 
malities in the subcutaneous fat of the abdominal wall at the 
site of trauma also may be seen [79]. 
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Acute Adrenal Injury After Blunt 
Abdominal Trauma: CT Findings 





During a 32-month period, adrenal injuries were diagnosed in 20 (2%) of 1120 patients 
who had abdominal CT for assessment of blunt force trauma. Injuries were unilateral in 
17 patients (12 right-sided and five left-sided) and bilateral in three (23 total adrenal 
injuries) and were accompanied by concurrent ipsilateral thoracic or abdominal injuries 
in all but one patient. Nineteen (83%) of the adrenal injuries appeared as discrete round 
to oval hematomas expanding the adrenal gland, two (9%) appeared as diffuse irregular 
hemorrhage obliterating the gland, and two (9%) appeared as uniform swelling of the 
adrenal gland. Associated CT findings included “stranding” of the periadrenal fat caused 
by blood in 14 cases (61%) and posterior pararenal hemorrhage mimicking a thickened 
diaphragmatic crus in nine cases (39%). In general, these injuries had no significant 
medical sequelae, but acute adrenal insufficiency developed in one patient with bilateral 
lesions; in another patient with an adrenal hematoma compressing the inferior vena 
cava, caval thrombosis developed. The potential for delayed bleeding or infection within 
the hemorrhagic gland exists, but these did not occur in any of our patients. 

Our experience indicates that adrenal injury resulting from blunt trauma is more 
common than suggested by previous reports and emphasizes the importance of careful 
inspection of the adrenal glands in patients in whom lower thoracic or upper abdominal 
injuries are detected by CT. 
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Adrenal injury caused by blunt abdominal trauma has been reported infrequently 
in the radiologic literature; only eight patients with this injury were described in two 
recent reports [1, 2], suggesting that this is a rare injury. At autopsy, adrenal injury 
may be found in up to 28% of patients with significant abdominal trauma [3]. We 
retrospectively reviewed all abdominal CT scans obtained at our trauma center 
during a 32-month period for the evaluation of possible intraabdominal injury to 
identify patients with adrenal injury. The varied CT appearances of adrenal injury, 
associated injuries, and postulated mechanisms of injury are described. 


Materials and Methods 


A computer data-base search of records of 1120 patients who had abdominopelvic CT 
within 48 hr of admission to detect injury from blunt trauma during a 32-month period (October 
1989 through June 1991) identified 20 patients (2%) with adrenal injury. These 20 patients 
included 12 men and eight women 20-67 years old (mean, 43). The mechanism of injury 
included motor vehicle trauma (14), pedestrian-vehicle accident (three), falls (two), and crush 
injury to the thorax (one). No patient included in the series had a history of anticoagulant 
therapy, carcinoma, or clinical adrenal disorder. The patients’ initial presentation, hospital 
course, and outcome were determined by review of medical charts and surgical and pathologic 
reports. 

All patients had abdominal CT scans within 6 hr after their traumatic event and subsequent 
admission to the trauma center. CT scanning was performed on a Somatom Hi-Q unit 
(Siemens Medical Systems, Iselin, NJ). In our institution, contrast-enhanced CT is performed 
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as follows: IV contrast material (60%) is administered by a CT power 
injector. A bolus of 80 ml is given at a rate of 2 ml/sec, and then 70 
ml is given at a rate of 0.5 ml/sec for a total of 150 ml. Rapid scanning, 
2 sec or less, is used routinely. The abdomen is scanned from the 
lower lung bases to the iliac crest at 1-cm intervals and then through 
the pelvis with 1-cm sections every 2 cm. 

The diagnosis of acute adrenal injury was confirmed by surgery in 
three patients and by partial resolution of the injury on follow-up CT 
scans in 14 patients. In three patients, the diagnosis was based on 
the CT appearance and clinical setting only and was not proved by 
follow-up CT or pathologic examination. Follow-up CT scans were 
obtained 2-56 days after injury, depending on the patient's clinical 
status. All CT scans were reviewed for this study, and findings were 
determined by consensus. Information recorded from the CT scan 
included the appearance of the adrenal gland and adjacent tissues 
and associated intra- or retroperitoneal injuries. The appearance of 
the adrenal gland on follow-up CT studies was also noted when 
available. 


Results 


A total of 23 adrenal injuries were identified in 20 patients. 
Twelve adrenal injuries were right-sided, five were left-sided, 
and three were bilateral. In 17 of the 20 patients, the adrenal 
injuries were diagnosed during the last 9 months of the study 
period. 


CT Appearance of Adrenal Injury 


Nineteen adrenal injuries (83%) were seen as discrete, 
round or oval masses or hematoma occupying the adrenal 
region (Figs. 1 and 2). Occasionally, the splayed adrenal limbs 
were observed surrounding a central hematoma. In one pa- 
tient with a CT finding of a central adrenal hematoma, a 
suprarenal hematoma was identified at surgery. Two patients 
(9%) had irregular, diffuse suprarenal hemorrhage occupying 
the adrenal region and obliterating the adrenal gland entirely; 
in both patients, diffuse suprarenal hemorrhage and adrenal 
lacerations were documented surgically (Fig. 3). Two patients 
(9%) had a uniformly enlarged adrenal gland with indistinct 
margins (Fig. 4). All three patients with bilateral adrenal injury 
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had round to oval masses replacing the normal gland archi- 
tecture (Fig. 5). 


Periadrenal Manifestations 


The most common periadrenal findings included strandlike 
hemorrhage infiltrating the adjacent fat and/or more focal 
hematoma. These were identified in 14 (61%) of 23 adrenal 
injuries (Figs. 2 and 5). In addition, hemorrhage in the posterior 
pararenal space was seen in nine adrenal injuries (39%) 
mimicking a thickened diaphragmatic crus (Figs. 1-3). Other 
less commonly associated manifestations included anterior 
pararenal space hemorrhage (three), compression of the in- 
ferior vena cava (IVC) (three) (Figs. 6-8), psoas muscle he- 
matoma (two), anterior thickening of Gerota’s fascia (two) 
(Fig. 4), and anterior displacement of the kidney (one). 


Follow-up CT Appearance 


Follow-up abdominal CT scans obtained in 14 patients 2- 
56 days after initial trauma showed various degrees of reso- 
lution of adrenal injury. Patients with a round hematoma or 
mass replacing the normal gland had a decrease in both the 
size and attenuation of the hematoma or mass (Figs. 6 and 
7). In one patient, the adrenal hemorrhage showed a slight 
initial increase in size 2 days after injury, but a decrease in 
size was seen on later scans. In another patient in whom 
adrenal injury was seen as a uniformly enlarged gland, follow- 
up CT showed partial resolution of the abnormality. 


Associated Injuries 


In 19 (95%) of the 20 patients, the adrenal injury was 
accompanied by ipsilateral thoracic, abdominal visceral, or 
retroperitoneal injury. The most notable intrathoracic injuries 
included ipsilateral rib fractures (12), atelectasis (12), hemo- 
thorax (seven), pneumothorax (six), and lung parenchymal 
contusions (six). Intraabdominal and retroperitoneal injuries 
mostly involved the spleen (eight) (Figs. 4 and 8), kidney (six) 


Fig. 1.—Adrenal hematoma. CT scan shows 
ovoid mass replacing normal configuration of right 
adrenal gland. Note that slightly hyperintense ad- 
renal limbs are spread by lower attenuation central 
hematoma. Hemorrhage into posterior pararenal 
space tracks along diaphragm, mimicking a thick- 
ened diaphragmatic crus (arrow). Hemorrhage ex- 
tended caudad along right psoas muscle (not 
shown). 


Fig. 2.—Adrenal hematoma. CT scan shows 
oval mass obscuring normal morphology of right 
adrenal gland. Adrenal limbs appear slightly hy- 
perintense relative to nonenhancing central he- 
matoma. In addition, foci of increased-density 
hemorrhage are observed in periadrenal fat pos- 
terior to gland; hemorrhage in posterior pararenal 
space mimics a thickened diaphragmatic crus. He- 
moperitoneum is seen adjacent to spleen. Both 
hepatic and splenic injuries were noted in this 
patient. 
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Fig. 3.—Extensive adrenal hemorrhage. CT 
scan reveals complete disruption of left adrenal 
gland with replacement by an irregular hemor- 
rhagic mass (arrowheads). Right adrenal gland 
appears normal. Concurrent hemorrhage in pos- 
terior pararenal space mimics a thickened crus. 
Other major visceral injuries (not shown) included 
transection of tail of pancreas, multiple splenic 


Fig. 4.—Adrenal contusion. CT scan in 33- 
year-old woman after a motor vehicle accident 
reveals thickened, slightly indistinct left adrenal 
limbs. Right adrenal gland (not shown) appeared 
normal. Gland maintains “adreniform” configu- 
ration. Image also shows blood tracking along 
anterior Gerota’s fascia, producing apparent 
thickening and peripheral lateral splenic lacera- 


Fig. 5.—Bilateral adrenal hematomas. CT 
scan in a 35-year-old man after a motor vehicle 
accident shows discrete oval bilateral central 
adrenal hematomas expanding slightly denser 
adrenal limbs. Minimal strandlike hemorrhage 
infiltrates fat posterior to left adrenal gland. Lac- 
eration of liver was observed on a rostral image 
(not shown). No sequelae resulted from bilateral 





lacerations, and renal contusions. A lacerated left tion. 
adrenal gland was found at surgery. 





adrenal injury. 


C 


Fig. 6.—Resolution of adrenal hematoma with complicating inferior vena cava (IVC) thrombus in a 46-year-old man after a motor vehicle accident. 
A, CT scan reveals large ovoid mass replacing normal adrenal structure. Considerable compression of IVC (arrowhead) is observed. 

B, CT scan 4 weeks later reveals considerable decrease in size and attenuation of adrenal hematoma and less compression of IVC. 

C, More caudal CT scan reveals thrombus in IVC that was confirmed by venography and treated by placement of IVC filter from above. 


(Fig. 8), liver (five), and lumbar spine (five). Singles cases of 
pancreatic transection, gastric perforation, mesenteric con- 
tusion, and ruptured hemidiaphragm were seen also. 


Clinical Manifestations 


In two patients, significant complications developed that 
could be related to adrenal injury. Most importantly, one of 
the three patients with bilateral adrenal hemorrhage (Fig. 8) 
had evidence of acute adrenal insufficiency and showed dra- 
matic clinical improvement after administration of corticoster- 
oids. In another patient, the initial abdominal CT scan showed 


a right-sided adrenal hematoma compressing the IVC. Follow- 
up examination 1 week later showed persistent hematoma of 
the right adrenal gland and persistent compression of the 
IVC. Thrombus in the infrarenal IVC necessitated prophylactic 
placement of a Bird’s Nest filter (Fig. 6). In two additional 
patients, IVC compression was caused by adrenal hematoma, 
but venous thrombosis did not develop (Figs. 7 and 8). 


Discussion 


Traumatic adrenal hemorrhage was first described in 1863 
[4], but subsequently few cases have been reported. In 1955, 
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Fig. 7.—Traumatic adrenal hematoma vs preexisting neoplasm in a 45-year-old woman 


involved in a motor vehicle accident. 


A, Initial CT scan reveals mass in right adrenal gland. No other injury on right side of body 
and no ancillary findings of periadrenal hemorrhage were present to support a diagnosis of 


traumatic adrenal hematoma. Mass compresses inferior vena cava (IVC). 


B, CT scan 8 weeks after A shows partial resolution of mass with decreased mass effect on 
IVC, supporting a diagnosis of adrenal hematoma. Adrenal gland had a more normal form on 


other images. 


Sevitt [3] reported 14 cases in a series of 50 consecutive 
autopsies performed in a trauma center, nearly doubling the 
number of cases in the literature at that time. His study 
suggested that the prevalence of associated adrenal hemor- 
rhage in patients with closed thoracoabdominal injuries was 
much higher than indicated in previous reports. 

More recently, injury to the adrenal gland after blunt trauma 
has been diagnosed by CT scanning [1, 2, 4]. Still, relatively 
few cases of adrenal injury from blunt trauma found on CT 
have been reported; only four patients were described in each 
of two reports [1, 2]. 

The higher frequency of adrenal injury after blunt trauma 
detected in our series may be the result of several factors: 
the increased use of CT scanning instead of peritoneal lavage 
for assessment of the peritoneal cavity, the use of CT in more 
severely injured patients because of its increased availability 
and speed, the better technical quality of CT scans produced 
with more rapid scan times and power injection of IV contrast 
material, and the increased awareness of the potential for 
adrenal injury and greater scrutiny of the adrenal glands after 
trauma. We believe the last factor is most likely responsible 
for the increased recognition of this injury during the latter 
part of our study period. 

We found a variety of CT manifestations of adrenal gland 
and periadrenal injury. Most patients (83%) had round or oval 
hematomas occupying the adrenal area. In several cases, the 
splayed adrenal limbs could be visualized around the hema- 
toma, particularly on follow-up CT examinations (Fig. 6). This 
appearance supports the original autopsy findings of Sevitt 
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Fig. 8.—Bilateral adrenal injury resulting in acute 
adrenal insufficiency in a 25-year-old man who was 
struck by a car. CT scan shows bilateral injury of adrenal 
glands. Inferior vena cava is flat because of compres- 
sion from right adrenal hematoma and/or hypotension. 
Nonenhancing left upper renal pole is seen (posterior to 
adrenal gland). Splenic lacerations and posterior pole 
infarction are observed. At surgery, devascularization 
of left kidney and avulsion of left renal vein were found. 
Marked clinical improvement occurred after administra- 
tion of corticosteroids, supporting a presumptive diag- 
nosis of adrenal cortical insufficiency. 


[3] that adrenal hemorrhage after blunt trauma arises centrally 
within the gland, occupying a part or all of the medulla, 
surrounded by a narrow, sometimes thinned and stretched 
adrenal cortex. 

The two patients with more severe injuries had diffuse 
irregular hemorrhage replacing identifiable adrenal architec- 
ture. This appearance corresponded well to the surgical find- 
ings of complete disruption or laceration of the gland with a 
large amount of hemorrhage into the periadrenal space. The 
mild to moderate uniform enlargement of the adrenal gland 
with slightly indistinct borders seen in two patients may 
represent adrenal gland edema or adrenal contusion without 
significant hemorrhage. Follow-up CT studies can distinguish 
traumatic adrenal swelling from adrenal hyperplasia by show- 
ing an interval resolution to normal gland thickness. 

Among the 19 adrenal injuries seen as a discrete mass or 
hematoma, 14 (74%) had strands of high-density material 
(hemorrhage) or more focal areas of hemorrhage in the per- 
iadrenal fat. Sevitt [3] found that central adrenal hemorrhage 
stretched the cortex, frequently invaded it, and sometimes 
resulted in focal cortical rupture, leading to hemorrhage or 
bruising of the periadrenal tissues. These observations may 
explain the CT findings of strandlike hemorrhage infiltrating 
the periadrenal fat and more focal areas of hemorrhage in the 
adjacent tissues. As noted in our series, thickening of the 
diaphragmatic crus has been associated with traumatic ad- 
renal injury [2]. This finding was observed in nine (39%) of 23 
adrenal injuries in our series. On close inspection, this abnor- 
mality actually appears to be due to hemorrhage in the 
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adjacent posterior pararenal space paralleling the diaphrag- 
matic crus, thus mimicking a thickened crus. 

Distinction between an adrenal mass resulting from blunt 
trauma and a preexisting, unsuspected adrenal mass has 
obvious clinical implications. Although lack of history of anti- 
coagulant therapy, carcinoma, or adrenal disorder favors a 
traumatic cause for an adrenal mass found in the setting of 
acute trauma, associated CT findings in the periadrenal soft 
tissues lend further support to a traumatic cause for such a 
mass. This is true particularly when strandlike hemorrhage 
infiltrating the fat or a thickened crus sign is identified. In fact, 
the presence of these two associated periadrenal manifesta- 
tions can be used to confidently diagnose adrenal hemorrhage 
in the setting of acute trauma. The only differential diagnostic 
problem involves distinguishing between hemorrhage into a 
preexisting tumor [1] and primary adrenal hemorrhage, but 
this can be adequately determined by follow-up CT scans 
showing resolution of the adrenal mass. The presence of a 
discrete adrenal mass after blunt trauma, without associated 
CT findings of adrenal injury or concurrent ipsilateral nonad- 
renal injuries, mandates follow-up CT to evaluate for potential 
neoplasm (Fig. 7). 

In the recent radiologic literature, isolated adrenal injuries 
from blunt trauma were described in two series [1, 2] of four 
patients each. In our experience, which correlates more 
closely with the autopsy findings of Sevitt [3], adrenal injury 
was associated with ipsilateral thoracic, abdominal, or retro- 
peritoneal injury in 95% of cases. Thus, careful inspection of 
the ipsilateral adrenal gland is warranted when significant 
injury of adjacent structures is present, particularly in the 
lower chest, liver, spleen, and kidneys. The discrepancy be- 
tween the findings in our series and those in the recent 
literature may reflect differences in the referral of patients; 
most patients referred to our institution have major multisys- 
tem injuries. 

The exact mechanism of adrenal injury after blunt trauma 
is unclear. Adrenal blood vessels are vulnerable to hemor- 
rhage [5]. Three or more suprarenal arteries pass through the 
adrenal capsule, divide into a sinusoidal network within the 
cortex, and drain via a single central vein. The central vein 
empties directly into the IVC on the right and the renal vein 
on the left [3]. Pathologic studies show that adrenal hemor- 
rhage occurs in the spongy medulla and loosely textured 
juxtamedullary cortex because of rupture of small vessels, 
mainly sinusoids and venules [3]. Sudden compression and 
decompression of the gland by an impacting force may rup- 
ture these vessels and produce hemorrhage [3]. Alternatively, 
central adrenal hemorrhage may follow an acute rise of in- 
traadrenal venous pressure caused by sudden and severe 
compression of the IVC during abdominal compression [3]. 
Both theories suggest that compressive effects of severe 
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blunt force injury play a key role in the development of 
posttraumatic adrenal hemorrhage. The right adrenal gland is 
more prone to be damaged than the left one, possibly because 
much of its anterior surface is closely opposed to the liver 
[6]; also, the right adrenal gland is more susceptible to high 
venous pressures because its central vein drains directly into 
the IVC. These two factors may account for the higher 
prevalence of hemorrhage in the right adrenal gland, both in 
our series and in previous reports [1-3]. Severe stress related 
to surgery, septicemia, burns, or hypotension is associated 
with bilateral massive adrenal hemorrhage that may lead to 
acute adrenal insufficiency [5, 6]. Stress increases secretion 
of adrenocorticotropic hormone, leading to increased adrenal 
blood flow and a rise in adrenal venous pressure, which in 
turn may lead to venous hemorrhage [5]. 

Fortunately, adrenal injuries have limited clinical signifi- 
cance, particularly when they are unilateral. Nevertheless, it 
is important to document these lesions, as they could be 
sources of delayed hemorrhage, particularly in patients re- 
ceiving anticoagulant prophylaxis for deep venous thrombo- 
sis, and possibly they should be considered a relative con- 
traindication to acute anticoagulation therapy. In addition, 
adrenal hematomas, as with any hematoma, should be con- 
sidered as a source of possible infection in posttraumatic 
sepsis, although this complication did not occur in the current 
series. Patients with adrenal hematomas that significantly 
compress the IVC may be at increased risk for formation of 
IVC thrombus due to slowed venous flow, as occurred in one 
of our patients. Patients with posttraumatic adrenal hemor- 
rhage bilaterally are at increased risk for development of acute 
adrenal insufficiency [6-8], as occurred in one of three pa- 
tients in our series, and should be closely monitored for this 
complication. 
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Book Review 





Differential Diagnosis of Diseases of the Chest. By Robert G. Fraser, J. A. Peter Paré, P. D. Paré, and Richard 


S. Fraser. Philadelphia: Saunders, 160 pp., 1991. $25 


One of the complications that make the interpretation of chest 
images both difficult and challenging is that many abnormalities are 
not perfect examples of the diseases they represent. Although this is 
true for all organ systems, it is particularly a problem in the lungs. 

Attempts to define the differential diagnosis of pulmonary patterns 
is strongly affected by this problem. A single pattern can represent a 
wide variety of diseases, and, what is less often discussed, common 
diseases can have a wide variety of patterns. This leads to differential 
diagnoses that are easily overloaded or underloaded, and all such 
“gamuts” are compromises. 

This slim text comprises the list of differential diagnoses from the 
final volume of the most recent (third) edition of the four-volume text, 
Diagnosis of Diseases of the Chest, by the same authors. It is intended 
to be used as a quick reference version at the view box, where the 
presence of all four volumes would be most cumbersome. 

The material is divided into 17 lists. Each list contains diagnoses, 
essential descriptive features, likely additional findings, and com- 
ments. A brief description of each pattern precedes the list of differ- 
ential diagnoses. That description is far too brief to be of any use 
independently, and the book has no illustrations to exemplify the 
definitions. For this reason, and because the text is so terse, this 
book is not very useful unless the reader has the whole four-volume 
text nearby. 

To judge the true usefulness of this volume, | tried it in practice for 
several days. Most of the lists of differential diagnoses are overloaded 
rather than underloaded, probably a useful feature inasmuch as the 


main value of a book of this type is to remind us of diseases that we 
may not have included in our own analysis of the chest film. The 
descriptive features within this text, however, are rarely sufficient to 
exclude most of the improbable diagnoses that are possible. Users 
then are directed to the specific page of the four-volume textbook, 
where they are immediately reminded of the encyclopedic nature of 
that tome. In an effort of include virtually everything in chest radiology, 
the authors sometimes lose sight of what is most common and most 
likely. The use of this book with the four-volume text thus leads to 
long, probably excessive, lists of differential diagnoses. 

The major usefulness of this exercise is to expand the readers’ 
knowledge of differential diagnoses. As such, this slim volume is of 
significant use to practicing radiologists but far less useful for resi- 
dents, students, and others in training. 

Is this volume a more useful system of differential diagnosis than 
those already in use? The one major advantage of this one is that it 
is directly keyed to an encyclopedic text in which details are available. 
If this is worth the lack of emphasis on prevalence and likelihood, this 
volume may be the preferable source of differential diagnoses. 
Clearly, however, use of this book requires considerable experience 
in chest radiology and is least appropriate to those in training. 
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Efficacy of Digital Radiography for 
the Detection of Pneumothorax: 
Comparison with Conventional Chest 
Radiography 





As part of our continuing evaluation of the clinical applicability of digital radiography, 
we compared the abilities of radiologists to detect pneumothoraces on conventional 
chest radiographs with their performances when using three formats of digitally obtained 
images. Twenty-three frontal-view chest radiographs with pneumothoraces and 22 other 
chest radiographs, either normal or showing miscellaneous abnormalities, were inter- 
preted by five experienced radiologists in each of four formats: conventional film-screen 
chest radiographs, small-format (17.8 x 21.6 cm) computed radiographs, large-format 
(35.6 x 43.1 cm) computed radiographs, and digital images viewed on an interactive 
electronic workstation. The receiver-operating-characteristic curve areas for each ob- 
server for the four types of images were compared by a z test on a critical ratio, and 
the mean sensitivity and specificity values were compared by the sign rank test. The 
mean areas under the receiver-operating-characteristic curves ranged from 0.869 for 
the digital workstation to 0.915 for film-screen images. The differences observed among 
formats were not statistically significant. Mean specificities also were not significantly 
different, ranging from 0.90 for large-format computed radiographs to 0.96 for the digital 
workstation. Mean sensitivity ranged from 0.65 for the digital workstation to 0.82 for 
film-screen images. Radiologists interpreting digital workstation images were signifi- 
cantly less sensitive in detecting pneumothoraces than with film-screen and small- 
format computed images (p = .06). 

In this study, radiologists detected pneumothoraces equally well on conventional film- 
screen radiographs and digital images printed on film; however, they detected pneu- 
mothoraces less well on electronic viewing consoles. This latter finding reflects an 
important practical difference in the working behavior of radiologists interacting with a 
digital workstation. 
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Most radiographic images are still obtained in analog fashion. However, comput- 
erized imaging techniques are evolving, and studies indicate that they provide 
images suitable for most diagnostic tasks [1-9]. Although spatial resolution cur- 
rently limits some applications of digital radiography, researchers continue to 
investigate digital radiography in order to explore its many potential benefits in 
relation to conventional screen-film techniques. 

We investigated the ability of radiologists to detect pneumothorax by means of 
different digital techniques. As such, this study represents an extension of our 
previous evaluations of the clinical applicability of digital chest radiography. Pneu- 
mothorax was chosen as a model because it causes the margin of the lung in 
patients with pneumothorax to appear as a subtle linear opacity on chest radio- 
graphs. Therefore, it tests the limitations of digital systems. Our previous work 
showed poor detection of pneumothorax on small-format digital chest radiograph 
pairs that consisted of two side-by-side chest images processed by different 
algorithms conventionally produced by our equipment (TCR 201, Toshiba Corp., 
Tokyo, Japan) [8]. 

Recently we have been able to generate large-format digital radiographs corre- 
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sponding in size to film-screen chest radiographs. In addition, 
we have designed a digital viewing console that can electron- 
ically and interactively display chest radiographs. To test the 
efficacy of these developments, we performed an observer 
detection experiment that used the same matched film-screen 
images and small-format computed images as in our previous 
research, but added large-format digital images and images 
viewed on our digital workstation to compare the abilities of 
radiologists to detect pneumothoraces on each of these four 
formats of chest radiographs. 


Materials and Methods 


We used matched film-screen and phosphor-plate computed pos- 
teroanterior chest radiographs from 45 patients who were treated at 
the Tucson Veterans Administration Medical Center between July 
1986 and March 1987. These are the same radiographs used in a 
previous study of pneumothorax detection [8]. Twenty-three of these 
images demonstrated pneumothoraces, which generally occurred as 
complications of needle biopsy or placement of a central venous 
catheter. Pneumothoraces were confirmed in all cases by demonstra- 
tion on sequential follow-up radiographs and by the patient's clinical 
course. The pneumothoraces depicted on the radiographs repre- 
sented a broad range of percentages of lung volume, as shown in 
Figure 1. Findings on images of 22 age-matched control subjects 
were either normal or demonstrated up to five significant abnormali- 
ties. These control radiographs were included to encourage a nondi- 
rected search for abnormalities. 

Film-screen exposures were made at 105 kVp by using an OPTI- 
150 tube on a Sireskop (Siemens Corp., Iselin, NJ) X-ray unit. A 
three-phase, 12-pulse, thyristor-controlled, high-frequency generator 
(880 kW) was used. Exposures were terminated by an lontomat 
(Siemens) automatic exposure control positioned behind the left lung. 
The focal spot size of this unit is 0.6-1.0 mm. We used WDR-SR334 
film with a Quanta Ill intensifying screen (Du Pont Corp., Wilmington, 
DE). The approximate spatial resolution of this film-screen combina- 
tion is 5 Ip/mm. 

Computed radiographs were exposed on the same radiographic 
unit with the same exposure parameters and geometry by using a 
36- by 43-cm phosphor imaging plate (Toshiba Corp.). The plates are 
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Fig. 1.—Percentages of lung volume represented by pneumothoraces 
for each of 23 study cases. 
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composed of europium-doped barium fluorohalide crystals on a poly- 
mer base, which stores energy delivered by exposure to X-rays. 
When the plate is later scanned by the computed radiography sys- 
tem’s 633-nm helium neon laser, luminescent radiation is emitted as 
blue phosphorescence. A photomultiplier tube records the emitted 
light, and the electronic analog signal is digitized into 10 bits or 1024 
gray levels. The plate is scanned at a resolution of 0.2 mm/pixel to 
yield a matrix of 1760 x 2140 pixels of raw data (acquisition resolution 
of 2.5 Ip/mm). 

Four image formats were evaluated in this study: conventional film- 
screen radiographs, digital images printed on film in the conventional 
small format (17.8 x 21.6 cm), digital images printed on film in large 
format (35.6 x 43.1 cm), and digital images displayed on an interactive 
electronic workstation monitor (Arizona Console, Tucson, AZ). 

For the small-format digital images, our commercial computed 
radiography system conventionally produces two images from the 
raw data obtained in processing the phosphor plate. Both images 
receive frequency processing in the form of unsharp masking to boost 
high spatial frequencies and contrast processing in the form of 
nonlinear mapping. One image receives enhancement (1.5 times 
normal) of spatial frequencies centered at 0.35 Ip/mm and contrast 
mapping that simulates the contrast scale of a conventional screen- 
film radiograph. The second image has greater frequency enhance- 
ment (six times normal, also centered at 0.35 Ip/mm) and a linear 
contrast map. The two computed radiographs are printed and dis- 
played on a single 25.4- by 35.6-cm single-emulsion film (Fuji CR- 
type 633, Fuji Corp., Tokyo, Japan). The actual size of each small- 
format digital image is 17.8 x 21.6 cm, resulting in a display resolution 
of 0.1 mm/pixel (5 Ip/mm). No pixels were lost or compressed 
between acquisition and display of the images. 

Paired images, replicating the two types of images normally gen- 
erated by the system for small-format digital images, were also 
generated for large-format digital images and digital workstation 
interpretations. To produce large-format digital images, we trans- 
ported the raw data from the commercial system to a VAX-8600 
computer via magnetic tape and processed it by using a software 
package that mimics the unsharp masking and contrast mapping 
actions usually performed by the computed radiography system. Each 
of the two images was then printed separately by using a Kodak 
Ektascan laser printer (model 100, Eastman Kodak Co., Rochester 
NY) and Du Pont Cronex laser imaging film. The two output films are 
each 35.6 x 43.2 cm. The cubic spline interpolation algorithm of the 
Ektascan printer expands the 1760 x 2140 pixels of digital data up 
to 4070 x 4949 pixels for a printing resolution of 0.08 mm/pixel. The 
printer is capable of printing 4096 gray levels, so no gray-level data 
are lost. The printer also processes an internal look-up table to 
compensate for the differences in the Hurter and Driffield curves of 
the small- and large-format digital films prior to printing the large- 
format images. This process ensured that the same number of pixels 
and the same density characteristics would be represented on both 
the small- and large-format printed digital image sets and on the 
electronically displayed images. Each pair of images was subjectively 
assessed by the investigators for uniformity of appearance of the 
three digital techniques. 

The digital workstation images were made up from the large- 
format digital data, which were trimmed by means of a software 
package on the VAX-8600 computer. This removed superfluous data 
from the border of each image, reducing the matrix size to approxi- 
mately 1600 x 1900 pixels. Each image was then transferred to the 
digital workstation via Ethernet. The digital workstation is equipped 
with two 1024- by 1536-pixel monitors (22 x 33 cm in size), resulting 
in display resolution of approximately 1.5 Ip/mm. The software allows 
simultaneous display of pairs of images at the minification necessary 
for the full images to be shown on the monitors. Minification causes 
the display resolution of the images to be less than the acquisition 
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resolution; zooming the image can restore full resolution. The default 
contrast map of the workstation’s monitors was set to emulate the 
films used in this experiment. The luminance rating for the monitors 
used was 60-70 foot-lamberts. The window, level, and continuous 
bilinear interpolative zoom functions were available for use by the 
observers throughout the experiment; however, the observers were 
not required to use these functions in the diagnostic phase of the 
experiment. 


Review of Examinations 


Five board-certified general radiologists familiar with interpreting 
digital images in clinical practice individually interpreted all of the 
images for each of the four formats. None of the interpreters had 
participated in our previous study of pneumothorax, and they were 
ignorant of the purpose of the study, consistent with the goal of a 
nondirected search. For each of the film-screen and small- and large- 
format digital interpretations, each observer was given a packet of 
radiographs that contained all 45 pairs of images. We randomized 
each film packet for each observer by assigning a number to each 
radiograph and using a random number table. The observers were 
given approximately 1-2 weeks to complete each packet at their 
leisure, interpreting the images with the use of standard light boxes. 
A minimum of 4 weeks elapsed between the interpretations of differ- 
ent formats. 

Interpreters reviewed single posteroanterior images for the film- 
screen interpretations; they simultaneously viewed the paired pos- 
teroanterior images by using the different processing algorithms for 
the small- and large-format computed and digital workstation inter- 
pretations. Interpreting images on the digital workstation was pre- 
ceded by a training session lasting approximately 1 hr that taught the 
observer how to use the window, level, and zoom functions of the 
workstation. The digital workstation set was interpreted in one sitting. 
The order in which the different formats were encountered was 
different for each observer to avoid any bias occurring from encoun- 
tering the technologies in a particular order. 

For each case and each format, we provided each observer with 
the list of abnormalities given in Table 1 and asked the observer to 
indicate the presence or absence of each abnormality according to a 
six-point confidence scale: 1 = definitely not present, 2 = probably 
not present, 3 = possibly not present, 4 = possibly present, 5 = 
probably present, 6 = definitely present. 


Analysis 


Given the focus of this study and the content of the case material, 
we analyzed only data relating to the detection of pneumothorax. 
Individual performances with each format were assessed by calculat- 
ing the area under the receiver-operating-characteristic (ROC) curves. 

In analyzing our response data, we were unable to make use of 
the widely disseminated ROCFIT analysis package [10] owing to 
degeneracy of our data caused by the preference of our observers 
for certainty ratings at both ends of the confidence rating scale. 
Instead, we used a nonparametric technique that measures the 
probability of correctly ranking any pair of images with respect to an 
abnormality. This probability of correct ranking is equal to the area 
under an ROC curve that consists of straight-line fits to the operating 
points [11, 12]. The area under an individual’s ROC curve is com- 
monly used as a performance metric. For illustrative purposes we 
also produced group ROC curves for the entire set of interpreters by 
averaging their individual curves at each false-positive fraction. To 
analyze the significance of differences in the ROC curve areas for the 
group of observers, we followed the procedure of Swets and Pickett 
[13], which calculates a normally distributed test statistic that incor- 
porates correlation factors associated with the matching of observers 
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TABLE 1: Abnormalities Requiring Diagnostic Responses 





Bone malignancy 

Cardiomegaly 

Chronic obstructive pulmonary disease (emphysema) 

Hilar/mediastinal mass 

Interstitial disease (includes congestive heart failure) 

Parenchymal nodule 

Pleural effusion/thickening 

Pneumothorax 

Pulmonary nodule 

Pulmonary parenchymal opacity (incudes pneumonia, atelectasis, 
hemorrhage, etc.) 

Subcutaneous emphysema 





and cases for each imaging technique (this test statistic is hereafter 
referred to as the critical ratio). This test statistic is further detailed in 
the Appendix. We also calculated confidence intervals for the per- 
formance metric obtained with each imaging technique [13]. 

As a supplemental analysis of the performance of the interpreters, 
we calculated the sensitivity and specificity that each achieved with 
the four imaging techniques. The positive and negative designations 
from the ratings data concerning the presence or absence of pneu- 
mothorax were compressed into binary ratings: <3 = negative; 4 or 
more = positive. Although sensitivity and specificity values corre- 
spond to a single operating point on an ROC curve, and therefore 
are not useful in assessing the potential diagnostic accuracy that can 
be achieved with each imaging technique, they can reveal shifts in 
the working behavior of the observers that may be clinically important. 
Differences in the sensitivity and specificity values were tested for 
statistical significance by using the nonparametric sign rank test 
[14]. 

To evaluate differences in sensitivity, specificity, and ROC curve 
areas, we compared all possible pairs of the four formats. Differences 
among formats were considered significant in two-tailed hypothesis 
tests at p < .05. 


Results 


Table 2 and Figure 2 illustrate the results of the ROC 
analysis. The areas under the curves ranged from 0.869 for 
the digital workstation to 0.915 for film-screen images. Only 
one radiologist performed better when viewing the digital 
formats than when interpreting the film-screen images. The 
95% confidence intervals for the area associated with each 
imaging technique are: film screen, 0.819-1.011; small-format 
digital, 0.759-0.991; large-format digital, 0.754-0.994; and 
digital workstation, 0.755-0.983. There is virtually complete 
overlap of the area intervals for all techniques, as shown in 
Figure 3. 

The differences in areas observed between formats were 
not statistically significant. The lowest significance value we 
obtained with the critical ratio was p = .34. The standard 
errors associated with the estimate of the differences in areas 
were large, resulting in wide critical regions (the range of 
observable differences that do not provide sufficient evidence 
for rejecting the hypothesis of no difference in areas). Figure 
4 illustrates the critical region for the comparison of each pair 
of techniques. All of our observed values are well within the 
critical region. Thus, we cannot reject the hypothesis of equal 
performance in the detection of pneumothoraces among the 
four imaging techniques we tested. 
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TABLE 2: Radiologists’ ROC Curve Areas for Detecting Pneumothorax with Film-Screen and 





Digital Imaging 
Area Under ROC Curve (SEE) 
a Film-S Small-F t k F t 
No. ilm-Screen mall-Forma arge-Forma po ; 
Imaging CR CR Digital Workstation 
1 0.870 (0.058) 0.954 (0.037) 0.952 (0.035) 0.878 (0.055) 
2 0.903 (0.051) 0.868 (0.059) 0.804 (0.069) 0.863 (0.058) 
3 0.922 (0.043) 0.856 (0.060) 0.830 (0.065) 0.907 (0.044) 
4 0.967 (0.028) 0.861 (0.060) 0.900 (0.052) 0.894 (0.053) 
5 0.915 (0.047) 0.837 (0.063) 0.885 (0.055) 0.804 (0.068) 
Mean 0.915 (0.049) 0.875 (0.059) 0.874 (0.061) 0.869 (0.058) 
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Note.—ROC = receiver operating characteristic, CR = computed radiography. 
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Fig. 2.—Receiver-operating-characteristic curves for each imaging 
technology. Each curve is averaged for all five observers. FS = film screen, 
SFCR = small-format computed radiography, LFCR = large-format com- 
puted radiography, DWS = digital workstation. 
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Fig. 3.—95% confidence regions on estimated area under receiver- 
operating-characteristic (ROC) curves for each technique. FS = film screen, 
SFCR = small-format computed radiography, LFCR = large-format com- 
puted radiography, DWS = digital workstation. 


Table 3 shows sensitivity and specificity for each observer 
and each technology. Mean specificity ranged from 0.90 for 
large-format digital images to 0.96 for the digital workstation, 
and mean sensitivity ranged from 0.65 for the digital worksta- 
tion to 0.82 for film-screen images. The sign rank test revealed 
no significant shift in specificity among the tested techniques 
at an alpha of 0.05. However, all observers were less sensitive 
in interpreting digital workstation images than in interpreting 
images produced by any other method. The reduction in 
sensitivity reaches marginal statistical significance (p = .06) 
in the comparison of the digital workstation with both the film- 
screen and small-format digital techniques. 

We also examined the ability of the radiologists to detect 
pneumothoraces as a function of the size of each abnormality. 
The correlations between the number of observers detecting 
each pneumothorax and its size ranged from 0.13 for film- 
screen images to 0.24 for small-format digital images, indi- 
cating that size was not a governing factor in pneumothorax 
detection among these four imaging technologies. 


Discussion 


As judged by the areas under the interpreters’ ROC curves, 
we found no statistically significant differences in radiologists’ 
detection of pneumothoraces on film-screen radiography, 
small- and large-format digital images printed on film, and 
images interpreted on a CRT display. Examination of the 
critical regions for the comparison of technologies indicates 
that differences in ROC curve area in the vicinity of 0.05-0.10 
would be required to reach significance in the present circum- 
stances. However, analysis of the 95% confidence intervals 
of the ROC areas of the individual technologies does not 
allow us to rule out the possibility that differences of that 
magnitude may exist. Interpretations of CRT display images 
were significantly less sensitive in correctly identifying pneu- 
mothoraces when they were present than were interpreta- 
tions made from any of the other three imaging techniques. 
This finding is an important practical difference in the radiol- 
ogists’ performances that was masked, with regard to our 
ROC analysis, by the greater specificity observers achieved 
in interpreting the electronic display images. 

This study is an extension of prior work performed at our 
institution on the evaluation of digital chest radiography. We 
used pneumothorax as a model in this study and in previous 
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Fig. 4.—Critical regions for difference in mean receiver-operating-char- 
acteristic curve areas for all pairs of technologies, based on a two-tailed 
test of significance at an alpha of 0.05. The observed difference in means 
falls within critical region in all cases. FS = film screen, SFCR = small- 
format computed radiography, LFCR = large-format computed radiogra- 
phy, DWS = digital workstation, AUC = area under curve. 


research [8] because it represents the type of subtle, high- 
frequency abnormality that digital technologies must be able 
to detect if they are to be suitable for comprehensive clinical 
use. Our prior work [8] showed poorer observer performance 
in detecting pneurnothorax on computed radiographs than on 
conventional radiographs; this study also suggests, but can- 
not confirm, reduced performance. However, certain differ- 
ences between our current study, our previous research [8], 
and the results of Slasky et al. [15] have emerged from our 
analysis that bear mentioning. 

With regard to our earlier study, the present group of five 
radiologists had greater experience with digital chest radio- 
graphs than did our previous observers, and this presumably 
contributed to their better performance in interpreting the 
digital images printed on film. The small-format digital images 
have been part of the clinical and training programs at our 
institution for approximately 5 years. The greater familiarity 
of our observers with digital hard-copy images may explain 
their better performance with a technique that was still quite 
new to radiologists when we performed our earlier research. 
In our previous article [8], we hypothesized that the poorer 
performance in interpreting the digital images might be related 


TABLE 3: Sensitivity and Specificity of Each Observer for 
Detecting Pneumothorax with Film-Screen and Digital Imaging 


a aaa. 


Sensitivity/Specificity 
Observer Film- Small- Large- Dita 
No. Screen Format Format aih 
Imaging CR CR 
1 0.74/1.00 0.96/0.91 0.83/0.91 0.65/0.96 
2 0.87/0.86 0.74/0.96  0.70/0.86 0.70/0.96 
3 0.70/1.00 0.65/0.96  0.61/1.00 0.48/1.00 
4 0.91/0.86 0.87/0.82 0.87/0.82 0.83/0.86 
5 0.87/0.82 0.70/0.96 0.83/0.91 0.61/1.00 
Mean 0.82/0.91 0.78/0.92 _0.77/0.90 0.65/0.96 
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Note.—CR = computed radiography. 
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to the small format of the conventionally generated side-by- 
side images. Fisher and Brauer [16] have commented on the 
correlation between image size and detectability. However, in 
the current study, accuracies in interpreting film-screen ra- 
diography and both small- and large-format printed digital 
images were comparable. 

Although observers were trained in how to use the digital 
workstation, it is unlikely that they were as comfortable with 
this format as they are in interpreting film-screen and hard- 
copy digital radiographs. It is unclear to what extent this 
unfamiliarity was responsible for the lower sensitivity achieved 
with the electronic display images or whether this could be 
attributed to the intrinsic limitations of the system, which is 
still being developed and tested. Differences in the spatial 
resolution of the digital workstation and viewing station lumi- 
nance may well have affected sensitivity in detecting pneu- 
mothorax. Finally, we did not require our radiologists to make 
use of the zoom function, and, indeed, zooming was used 
infrequently. Zooming might well have compensated for the 
inherently lower resolution of the digital workstation if it had 
been used more liberally. This is a focus for further investi- 
gation. The higher specificity of the digital workstation is not 
inconsistent with the hypothesis of lower sensitivity due to 
poor spatial resolution so long as the digital workstation does 
not generate artifactual elements that observers would erro- 
neously interpret as pneumothoraces. 

Differences among observers also may, in part, explain 
differences in our results and our previous research. To 
preserve a nondirected search, no radiologist who partici- 
pated in our previous study was an observer in this research. 
Clearly, differences among radiologists do exist. However, 
since we used academic general radiologists in both studies, 
we believe such differences should be ameliorated in the 
pooled results. Thus, while we cannot say that either our 
interpreters or our images are representative of all radiologists 
or all pneumothoraces, we believe that they are representative 
of an important class of individuals and findings suitable for 
the comparative evaluation of film-screen and digital technol- 
ogies. 

Slasky et al. [15] found their interpreters detected pneu- 
mothoraces less well with both laser-printed digital images 
and digital images displayed on CRT screens than with con- 
ventional radiographs. When comparing our results with those 
of Slasky et al., it should be noted that our observers evalu- 
ated many fewer images. This, of course, could greatly affect 
the statistical outcome by not exposing small differences in 
performance. The technical details, with the exception of our 
use of large-format digital printed images and inherent differ- 
ences in our viewing stations, appear quite similar superfi- 
cially. Nonetheless, our study did not direct observers as 
much to the diagnosis of pneumothorax as did the protocol 
of Slasky et al., providing, perhaps, for a more natural search 
for abnormalities. Our randomization procedure, coupled with 
a set of chest radiographs demonstrating considerable het- 
erogeneity in pathologic findings, created a better simulation 
of the clinical environment. 

Our results did not reveal any inequalities between digital 
images printed on film and conventional film radiographs for 
detecting pneumothoraces. Spatial resolution or luminance 











constraints, as well as radiologists’ unfamiliarity with the 
technology, may be factors limiting radiologists’ sensitivity in 
detecting pneumothorax when using an interactive electronic 
viewing technique. This work supports the need for greater 
additional technologic development and additional studies to 
further evaluate the potential usefulness of digital workstation 
systems. 


Appendix 


To render our statistical test as powerful as possible we followed 
the procedure outlined by Swets and Pickett [13], which is considered 
the most comprehensive approach formulated [10]. We used paired 
interpreters and paired cases as recommended in the procedure, but 
we did not have observers reinterpret the cases within technologies, 
which prevented us from making a direct estimate of the intraobserver 
variance. McNeil and Hanley [17] suggested a method for indirectly 
estimating this quantity, which we adapted for our use. The definitions 
of the critical ratio (z) and its components appear below. The defini- 
tions are those of Swets and Pickett [13]; a comment about the 
method we used to calculate each quantity follows. 

poo (1) 
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where O, is the average area under the ROC curve for technique x, 
and 
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All of the terms in the denominator of equation 2 are observable from 
response data. They are defined as follows: 


The observable correlation between the © values obtained 
when a set of observers interprets the same cases in two 
different settings. In practice, we estimate this by calculat- 
ing the product-moment correlation between © values 
obtained with one technique and the O values obtained by 
the same observers with the other. We imposed the con- 
dition that O < fer-w < 1. If this was not satisfied, the 

correlation is set to zero in equation 2. 

Pie The observable correlation between the © values obtained 
when a single observer interprets a set of case samples in 
two different settings. In practice, for a small image set 
such as ours (45 images), we obtain an estimate of the 
correlation for each observer by using the method of 
DeLong et al. [18] (which is an entirely nonparametric 
approach) and average the estimate for all readers. 

L The number of observers. 

Sé + S$, the observable variance in O that would be found 

by having one observer interpret once each of a set of 

different case samples. In practice, we take the average of 
the individual variances of © over all observers and both 
techniques. 

Sé + Si, the observable variance in O that would be found 

by having one case sample interpreted once by each of a 

set of different observers. In practice, we calculate the 

variance of O within each technique due to the different 
observers by a maximum likelihood estimator and then 
take the average of the two variances. 

Sis The observable variance in O that would be found by having 

one observer interpret one case sample on two or more 

independent occasions. In the event that no reinterpreta- 
tion is done, as in this experiment, S, is estimated to fall 
in the range between zero and the value that results if 


lbr — wr 
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there is perfect correlation between cases and/or observ- 
ers. The upper limit is determined by the pair of relations 
[13]: 


Sz = Oe as (1 ig Fowlio) (3) 


and 


A = Ss (1 n For — wfr), (4) 


such that neither rə nor re can be greater than one. Since we cannot 
justify selecting a particular value of SẸ, within this range, we carry 
through both minimum and maximum values for the computation of 
the z statistic. In this study, neither the minimum nor maximum values 
of z was significant. 

To calculate 95% confidence intervals on the estimate of the mean 
area under an ROC curve, we again used the method of Swets and 


Pickett [13]. The confidence interval was defined as O, + 1.96 SE, 
where 


2 
ee 
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Case Report 





Bronchiolitis Obliterans Organizing Pneumonia with 


Migratory Pulmonary Infiltrates 


David M. Epstein’ and Michael R. Bennett? 


Bronchiolitis obliterans is an uncommon fibrotic lung dis- 
ease that primarily affects the small conducting airways, often 
sparing a considerable portion of the interstitium. The lesion, 
which can be due to a variety of different causes, results from 
damage to the bronchiolar epithelium, and the repair process 
leads to excessive proliferation of granulation tissue [1]. It 
may exist in its pure form, but when the granulation tissue 
within small airways extends into the alveoli, the disease is 
called bronchiolitis obliterans organizing pneumonia (BOOP) 
[2]. 

The chest radiograph typically shows patchy ground-glass 
or air-space opacities. These sometimes begin as focal lesions 
and progress bilaterally over time [3]. We recently encoun- 
tered a patient in whom migratory air-space opacities were 
due to BOOP. This appearance has previously been noted, 
but not emphasized, in the literature [4, 5]. BOOP should be 
considered in the differential diagnosis of migratory air-space 
opacities. 


Case Report 


A 67-year-old woman had 10 days of a dry cough, low-grade fever, 
and fatigue that was not responsive to analgesics or a course of the 
antibiotic cephalexin. She was a lifelong nonsmoker with no history 
of asthma, recent travel, or allergies. She had no exposure to noxious 
agents and was taking no medications. Her leukocyte count was 
14.4 x 10°/I, with a normal differential and no eosinophilia. Serologic 
tests for multiple fungal antigens as well as titers for Legionella and 
Mycoplasma antigens were normal, and subsequent convalescent 


titers for these antigens showed no elevation. Tuberculin skin test 
was negative. 

A chest radiograph obtained on admission revealed air-space 
opacification in the left upper lobe of the lung (Fig. 1A). Bronchoscopic 
examination, including bronchoalveolar lavage and brushings, were 
negative for any infectious organisms or malignancy. Pulmonary 
function testing showed normal flow rates and lung volumes with a 
mildly reduced diffusing capacity. The patient had a full 10-day course 
of erythromycin and cefuroxime, but the chest radiograph did not 
show any resolution during this period. All medications were subse- 
quently discontinued for the remainder of the illness. 

The patient continued to have fatigue and dry cough. Chest 
radiographs obtained 5 weeks after admission revealed almost com- 
plete resolution of the opacities in the left upper lobe with new air- 
space opacities in the right lower lobe (Fig. 1B). Chest radiographs 
obtained 3 weeks later revealed additional new basilar air-space 
opacities in the right lower lobe. Chest radiographs obtained 12 
weeks after admission demonstrated resolution of the opacities in 
the right lower lobe with new air-space opacities in the left lower lobe 
and right upper lobe (Fig. 1C). There was no evidence of lymphade- 
nopathy or pleural effusion on a CT examination of the chest, which 
confirmed the air-space opacities noted on the chest radiograph. 

Repeated bronchoscopy with transbronchial biopsy revealed path- 
ologic findings consistent with idiopathic BOOP (Fig. 1D). Treatment 
with corticosteroids resulted in complete resolution of air-space 
opacities. 


Discussion 


Epler et al. [3] described 50 patients with BOOP in whom 
there was no apparent cause or underlying disorder [3]. Our 
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Fig. 1.—A, Chest radiograph shows air-space opacification in left upper lobe of lung. 

B, Chest radiograph obtained 5 weeks later shows nearly complete resolution of opacification in left upper lobe with new area of air-space opacification 
in right lower lobe. 

C, Chest radiograph obtained 7 weeks after B shows nearly complete resolution of opacities in right lower lobe of lung with new opacities in left lower 
lobe and right upper lobe. 

D, Photomicrograph of transbronchial biopsy specimen shows obliterative bronchiolitis in airways (straight arrows) as well as surrounding organizing 
pneumonia (curved arrows) consistent with bronchiolitis obliterans organizing pneumonia. (H and E, original magnification x 170) 


patient clinically fits their description. Men and women are 
affected equally, and most patients are between 50 and 70 
years old. Symptoms include persistent, nonproductive cough 
and, frequently, a flulike illness with fever, sore throat, and 
malaise. About half of the patients have dyspnea. Pulmonary 
function studies may have normal results or reveal restriction 
with reduction in lung volumes and impaired gas exchange. 


Results of pulmonary function tests in our patient were nor- 
mal; the only abnormality was a mild reduction in the diffusing 
capacity. While the diagnosis of BOOP was established by 
open-lung biopsy in the series of Epler et al., Bartter et al. [6] 
suggest that transbronchial biopsy is often sufficient to estab- 
lish a diagnosis of BOOP. 

The chest radiograph in the patients of Epler et al. [3] 
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showed bilateral, patchy, “ground glass” densities that began 
as focal lesions and progressed bilaterally over time. Diffuse, 
small, linear or nodular opacities were seen in less than 10% 
of subjects. Cavities, effusions, and hyperinflation were un- 
common. Others have noted a peripheral distribution of air- 
space opacities with BOOP similar to that seen in patients 
with chronic eosinophilic pneumonia [6]. 

Our patient was quite unusual in that the air-space consol- 
idations were migratory or fleeting in nature. They would 
completely clear in one area, then begin in another, in the 
absence of any therapy. In our patient, five different areas 
became involved. The migratory nature of BOOP was not 
noted by Epler et al. [3]. In the early description by Davison 
et al. [5] of cryptogenic organizing pneumonitis, which corre- 
sponds clinically and histopathologically to BOOP, two of 
eight patients had simultaneous progression and clearing of 
infiltrates in different areas. Migratory infiltrates also were 
seen in at least one of four patients reported by Cordier et al. 
[4]. 

Most patients with BOOP respond to corticosteroid therapy 
[3, 4, 7]. Clinical improvement is seen within several days, 
and the response may be dramatic. BOOP has usually been 
confused with usual interstitial pneumonitis or idiopathic pul- 
monary fibrosis when the pathologists interpret extensive 
intraairway organization as interstitial fibrosis. The clinical 
presentation of BOOP differs from that of interstitial fibrosis 
in the atypically brief history and distinctive radiographic find- 
ings [8]. This distinction is important, because patients with 
BOOP, unlike those with usual interstitial pneumonitis or 
idiopathic pulmonary fibrosis, have a favorable prognosis and 
response to therapy [3, 7]. 

Typically, migratory pulmonary air-space opacities in mildly 
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symptomatic patients suggest a diagnosis of LOffler’s syn- 
drome. These patients usually have peripheral nonsegmental 
Opacities associated with eosinophilia. They usually do not 
have biopsy, and Loffler’s syndrome is a presumptive diag- 
nosis. Other causes of migratory air-space disease include a 
variety of eosinophilic lung diseases such as allergic broncho- 
pulmonary aspergillosis, hypersensitivity reactions to drugs 
and parasites, and Churg-Strauss vasculitis. 

In summary, the clinical and radiologic manifestations of 
BOOP have been reviewed. Our patient had the unusual 
radiographic picture of migratory air-space opacities associ- 
ated with BOOP. This disease should be considered in the 
differential diagnosis of migratory pulmonary air-space opac- 
ities in the appropriate clinical setting. 
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Medicine in American Art 


NS, SSL LET: TES OT IT LO EE 2 ET PP MURR 


The Art of Learning Medicine 


Stefan C. Schatzki' 


In the fall of 1967, a 40-year-old artist, May Lesser, went to UCLA 
Medical School to study anatomy. She was allowed to attend the 
anatomy lectures and dissecting laboratory given to the first-year 
medical students. As she sketched the experiences that were new 
not only to her but also to the prospective physicians, she soon 
became accepted by the students and made friends with many of 
them. Lesser’s drawings and etching were so good and so sensitive 
to the complex interactions that were occurring during the first term, 
that the professor of anatomy suggested she go all the way through 
medical school as an artist with the class of 1971. 

Many members of the faculty were extremely skeptical about 
having an artist participate in the students’ experiences, so during 
the next three and one-half years, Lesser relied on a variety of means 
to gain access to the different disciplines and experiences that make 
up the medical curriculum. Sometimes, faculty members who had 
experienced Lesser’s unique sensitivity to the learning of medicine 
introduced her to subsequent teachers. Occasionally, she would draw 
an insightful portrait of a professor and give it to him as a gift. Not 
infrequently, her friends would simply take her to class with them. In 
this way, she spent four years sitting in the corner of the lecture 
room, laboratory, X-ray room, emergency room, conference room, 
and even at patients’ bedsides. Because each aspect of medical 
school was as new to Lesser as it was to the students, she was able 
to capture the experience with a unique freshness as well as with a 
special sensitivity to the experiences that students, faculty physicians, 
and patients were having. 

May Lesser recorded the heart of the educational process, and 
thus the soul of the new physicians as they progressed from the 
early hesitant moments in the dissecting room to confident, well- 
trained, independent fourth-year students. During her four-year ten- 
ure, she produced a huge body of drawings and etchings, over 300 
of which were published in a unique book, The Art of Learning 
Medicine (Appleton-Century-Crofts), in 1974. 

May Lesser is uniquely qualified to record the experience of 
learning medicine. Her father, brothers, husband, and three of her 
children are physicians. She is a graduate of the H. Sophie Newcomb 
College of Tulane University, with a master’s degree in painting from 
the University of Alabama. Her works, primarily etchings, have been 
exhibited throughout the United States, including the Seattle Museum 
of Art, the Detroit Institute of Art, Smithsonian Institution, National 
Academy of Design, the National Library of Medicine, and in many 
medical school facilities. Her etchings and drawings are in the per- 


manent collection of a number of museums, including the Philadelphia 
Museum of Art, the Cleveland Museum, the Oklahoma Art Center, 
and the National Library of Medicine. She has recently published a 
new book of etchings and paintings, An Artist in the University Medical 
Center, documenting the activities of the Tulane University Medical 
Center, where her husband now teaches. 

The etching reproduced here “shows the professor and his stu- 
dents examining the X-rays.” This work clearly captures the atmos- 
phere of the decision-making process that goes on during the evalu- 
ation of films from a carotid arteriogram, while at the same time 
preserving the artist's subjective prerogative. 
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May Lesser (1927- ). Arteriogram Film. Hand-colored engraving, 14 
x 10 in. (From The Art of Learning Medicine, New York: Appleton-Century- 
Crofts, 1974). Private collection. 
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Case Report 





Pulmonary Hemorrhage Complicating Systemic Lupus 
Erythematosus: Role of MR Imaging in Diagnosis 


Barbara Y. Hsu,’ David K. Edwards III," and Michael A. Trambert' 


Systemic lupus erythematosus (SLE) is a vasculitis affect- 
ing multiple organs. Whereas pleuropulmonary involvement is 
common, pulmonary symptoms are not. Such symptoms, 
when they occur, usually are caused by lupus pneumonitis 
(nonproductive cough, hypoxemia, and dyspnea) or infection 
[1]. A distinctly rare and potentially fatal complication of SLE 
is pulmonary hemorrhage [2, 3]. Features of this adverse 
event include dyspnea, hemoptysis, anemia, and bilateral 
opacities; however, hemoptysis may be absent, delaying the 
diagnosis [2], and the findings on radiographs are nonspecific. 
Bronchoscopy or lung biopsy is frequently required to distin- 
guish hemorrhage from infection. 

We present a case of SLE complicated by pulmonary 
hemorrhage in which MR imaging of the lungs showed pref- 
erential T2 shortening due to the paramagnetic effects of 
ferric iron in the hemorrhaged blood. Invasive procedures 
were avoided, and the patient was treated appropriately. 


Case Report 


A 12-year-old girl had a 1-month history of fever, lethargy, and 
intermittent pain in the joints. Initial physical and laboratory findings 
suggested SLE, which was subsequently confirmed serologically 
(positive antinuclear antibody titers, positive CHso, low C3 and C4 
titers, and high DNA binding at 97%). Findings on a chest radiograph 
obtained on admission were normal. 

On her seventh hospital day, the patient experienced pleuritic chest 
pain, cough, and tachypnea, without hemoptysis or sputum produc- 
tion. Her hematocrit dropped from 19.8% to 17.4%, and her chest 
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film revealed a diffuse reticulonodular pattern. The next day she 
required transfer to the intensive care unit for increasing tachypnea, 
hypoxemia, and worsening pulmonary opacities. Bronchoscopy on 
hospital day 9 revealed bloody mucus in all airways, petechial mucosal 
hemorrhage, and hemosiderin-laden macrophages. Bronchoalveolar 
lavage yielded bloody return. The patient responded slowly to high- 
dose steroids and cyclophosphamide, and left the intensive care unit 
on day 20. 

On day 24, she again experienced pleuritic chest pain, hypoxemia, 
hematocrit drop, and worsening alveolar opacities (Fig. 1A). Recurrent 
hemorrhage was suspected and MR imaging was done. Transaxial 
images through the lungs (Figs. 1B and 1C) were obtained on a 1.5- 
T field magnet (General Electric, Waukegan, WI). The findings were 
thought to be specific for hemorrhage, and the patient's steroid 
regimen was continued without the addition of antibiotic therapy. 
Repeated bronchoscopy was averted. The patient has had no sub- 
sequent episodes of hemorrhage. 


Discussion 


Pulmonary hemorrhage is a life-threatening, but fortunately 
rare, complication of SLE. When diffuse alveolar opacities are 
encountered in a patient with SLE, it is vital to distinguish 
between infection (either by conventional or by opportunistic 
organisms) and pulmonary hemorrhage [4]. Often such pa- 
tients are extremely unstable, with prolonged bleeding times 
that may preclude invasive procedures such as bronchoscopy 
or lung biopsy. The ability of MR imaging to characterize 
tissues appears helpful in this clinical situation. 
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Fig. 1.—A, Anteroposterior chest film shows a diffuse, bilateral, nonspecific reticulonodular infiltrate. 
B and C, Axial hydrogen-density MR images show diffuse signal isointense with muscle in midlung regions with a decrease of signal intensity from first 


echo (2169/20) (B) to second echo (2169/70) (C). 


The paramagnetic effect of ferric iron shortens T2, resulting 
in low signal intensity of T2-weighted images [5, 6]. In most 
pulmonary parenchymal processes, MR imaging reveals in- 
termediate signal intensity on T1-weighted images and non- 
specific brightening on T2-weighted images [7, 8]. However, 
in a child with hemorrhage caused by idiopathic pulmonary 
hemosiderosis, MR imaging revealed diffuse intermediate sig- 
nal of the parenchyma with T1 weighting, and a marked 
decrease on T2-weighted images [9]. Our patient with bron- 
choscopically proved alveolar hemorrhage had similar find- 
ings, with intermediate signal intensity on the proton—density 
weighted sequence and significantly decreased signal with 
T2 weighting. It should be noted that 3 days intervened 
between the pulmonary rehemorrhage and the MR scan; thus, 
the hemorrhage when scanned was subacute. It is possible 
that MR signal characteristics of pulmonary hemorrhage may 
vary with time, as observed with the evolution of brain he- 
matoma signal characteristics. Thus, with fresh hemorrhage, 
there could be a hyperacute pulmonary equivalent with hy- 
perintense signal on T2-weighted images: we hope further 
experience will clarify this. 

To our knowledge, this case is the second report of pul- 
monary hemorrhage causing a shortening of T2 on MR im- 
aging and the first case in a patient with SLE. In the proper 
clinical setting, when pulmonary hemorrhage is suspected, 


shortening of the T2-weighted signal on MR imaging may be 
sufficiently specific to obviate more invasive procedures. 
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Perspective 





The Positive Predictive Value of Mammography 


Daniel B. Kopans' 


Breast cancer is the leading cause of nonpreventable can- 
cer-associated death among women in the United States. The 
primary purpose of screening asymptomatic, healthy women 
for breast cancer is to diagnose it earlier and in so doing 
reduce the risk of or delay the onset of death from this 
disease. In addition, detecting cancers when the tumors are 
smaller benefits many women by permitting the therapeutic 
option of breast preservation. 

The importance of mammographic screening is gradually 
being recognized in the United States, and over the past 
several years, the number of women screened has increased. 
Mammography has clearly been shown to be quite sensitive 
in its ability to detect cancer, but frequently it cannot be used 
to accurately differentiate benign from malignant lesions [1]. 
Currently, open biopsy is the only accurate way to determine 
the benign or malignant basis of a mammographic finding, 
although fine-needle aspiration cytology and core needle bi- 
opsy are being explored as alternatives. Preoperative local- 
ization of clinically occult abnormalities detected by mammog- 
raphy, followed by excisional biopsy, represents the gold 
standard. Because of the lack of morphologic specificity, 
many biopsies done because of mammographic findings are 
being performed for what prove to be benign lesions. In the 
United States, the positive predictive value (PPV) of mam- 
mography (the number of cancers diagnosed per number of 
biopsies recommended) has ranged from approximately 15% 
to 30% [2-7]; in the European trials, it ranged from 30% [8] 
to 75% [9]. Some of the reasons for such discrepancies have 
been discussed [10]. Nevertheless, as a consequence of the 
numbers of biopsies that are now being done, and the antic- 
ipated increase in biopsies that are likely to accompany large- 
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scale screening, the PPV for mammography is under increas- 
ing scrutiny. 


What Is an Appropriate Positive Predictive Value? 


Although a biopsy is an extremely safe procedure, a rec- 
ommendation for a breast biopsy, with the implied possibility 
of breast cancer, induces high anxiety in patients. The pro- 
cedure itself results in a loss of productivity during the surgical 
and recuperative time, creates various degrees of surgical 
trauma and cosmetic alteration, and generates increased 
costs for the health care system. It is understandable, and 
desirable, that attention be directed toward the reduction of 
surgical procedures for benign changes; however, arriving at 
an absolute figure for the appropriate PPV is difficult. It is 
perhaps somewhat ironic that surgeons are now among the 
critics of the low PPV for mammographically detected lesions 
[11]. Historically, a low PPV for breast biopsies has long been 
tolerated. In the era before mammography, when the surgeon 
was determining who should have biopsies, the PPV for the 
biopsy of palpable lesions was as low as 11% [12]. This was 
tolerated because the presence of a mass was tangible 
evidence of possibly malignant disease. The psychological 
impact of a biopsy done because of clinical findings is inher- 
ently different from the impact of a biopsy done because of 
abnormal mammographic findings. The removal of a palpable 
abnormality that proves to be benign is not considered un- 
necessary surgery, because the patient and her physician can 
relate directly to the problem. A mammographically detected 
lesion, on the other hand, comes as a total surprise to the 
“healthy” woman and her physician. Its removal must be 
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completely guided by the radiologist, and when the lesion 
proves to be benign, it is not unexpected that this would be 
considered “unnecessary” surgery. This qualitative difference 
obscures the fact that performing a biopsy of a palpable lesion 
is more likely to be unnecessary from a cancer perspective. 
It has been shown repeatedly that mammographically de- 
tected cancers are usually at an earlier stage than those 
detected by clinical examination [13-15]. This revelation not 
only serves as a warning that superficial comparisons of PPV 
may be misleading but also emphasizes that the appropriate 
PPV is not an absolute number. When the implications of a 
biopsy strategy are assessed, PPV cannot be taken out of 
context but must be evaluated with an understanding of the 
population in which it occurs. Ultimately, the appropriate PPV 
depends on what society considers an acceptable false- 
negative rate. The decision to perform a biopsy or not follows 
a receiver operator curve. More cancers will be detected at 
the cost of increased falsely positive interpretations. Ulti- 
mately, if a biopsy were done of everything that was not 
perfectly normal, the number of cancers diagnosed would be 
maximized, but the number of women undergoing unneces- 
sary biopsies would likely be unacceptable. Thus, thresholds 
for intervention are set, but no absolute biopsy rates exist 
that will be universally accepted. 


Positive Predictive Value by Itself Can Be Misleading 


The same PPV can be found in circumstances with totally 
different survival implications. It is entirely possible for two 
radiologists to interpret mammograms with the same PPV, 
but one can be affecting the death rate by finding small 
cancers, and the other can be intervening when it is too late 
to alter the course of the disease. The malignant:benign ratio 
is relatively meaningless if the threshold criteria used to 
determine if a biopsy should be done and the characteristics 
of the cancers found by using those criteria are not known. 
For example, assume that size is the only criterion used to 
prompt a biopsy, and one radiologist chooses to do biopsies 
of lesions that are 1 cm in diameter, whereas another radiol- 
ogist chooses to wait until a lesion reaches 2 cm. Initially, the 
first radiologist will diagnose more cancers than the second, 
because both radiologists will be recommending biopsies of 
the 2-cm lesions, but the first radiologist will also be doing 
biopsies of the smaller lesions. Once the first radiologist has 
eliminated the large cancers, he or she will be diagnosing 
lesions at the same rate (and PPV) as the second radiologist, 
but at an earlier time in the growth of the lesions (assuming 
a constant growth rate). Thus, despite the same PPV, the 
first radiologist will more likely have a much greater impact 
on mortality than the second. 


Factors That Influence the Positive Predictive Value 


Sensitivity (the number of cancers detected by mammog- 
raphy divided by the true number of cancers in the population 
being screened) and specificity (the number of women in the 
screened population who do not have breast cancer whose 
mammograms are interpreted as negative divided by the 
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number of women who truly do not have breast cancer) give 
some indication of the accuracy of a screening program, but 
they are not sufficient by themselves. Sensitivity and specific- 
ity can be misleading, depending on how the “true” number 
of cancers in the population is measured, and how the “truly” 
negative women are determined. One measure might count 
as “missed cancers” only those that are palpable at the time 
of a normal mammogram. A more accurate number would 
include those cancers that are diagnosed within 1 year of a 
normal mammogram (interval cancers). 

The significance of a specific PPV should be assessed in 
the light of several other factors. Among these is the number 
of cancers expected in the particular population being 
screened (prior probability); the percentage of the population 
being screened for the first time (the prevalence of breast 
cancer will be higher than the incidence); the size, histologic 
type, grade, and stage (lymph node involvement) of the can- 
cers; which cancers are counted as interval lesions; and what 
percentage of the cancers are ductal carcinoma in situ. 


Prior Probability of Cancer 


The incidence of breast cancer increases with age. In an 
average population of women 40-49 years old, the expected 
annual incidence is approximately one cancer per 1000; in a 
population of women 60-70 years old, this rises to two to 
three cancers per 1000. It would be anticipated that the PPV 
of mammography is likely to be higher in an older population 
just on the basis of this prior probability. In our own recent 
series of mammographically detected cancers at the Massa- 
chusetts General Hospital, the PPV for women age 50 and 
over was 47%, whereas it dropped to 24% for women under 
50. Similar results have been found at Mount Sinai Hospital 
in New York [16]. A higher PPV might be anticipated if the 
population contains women who are at a higher risk for other 
reasons (such as those with a family history of breast cancer) 
in whom a greater number of cancers will develop each year 
per 1000 women. Understanding this frame of reference is 
important. For example, in a particular population, a PPV of 
50% may appear successful. If, however, this population has 
six to seven cancers per 1000 women per year, and only four 
to five per 1000 are being found, then the PPV of 50% 
suggests that the threshold for biopsy may be too high, 
because cancers are being missed. A lower PPV may be 
more desirable if this results in more of the cancers being 
detected earlier. 


Percentage of Women Being Screened for the First Time 


The PPV is also affected by the percentage of the popula- 
tion being screened for the first time. Numerous normal and 
benign structures may arouse concern when seen mammo- 
graphically. In the first year of screening, the radiologist is 
frequently confronted with potential lesions. These may have 
been present for many years, but in the absence of previous 
Studies, their significance must be carefully considered, and 
biopsy is recommended more frequently. When previous stud- 
ies are available, the stability of a finding can be assessed, 
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and many biopsies can be avoided. Similarly, because the 
breast’s appearance is fairly stable over time, a new change, 
which can be appreciated because of the availability of a 
previous study, has a higher probability of being malignant. 
This phenomenon is reflected in the well-organized European 
trials, in which the PPV in the first year of screening was 
significantly lower than in the population of women who 
returned for additional screening in subsequent years and 
those mammograms could be compared with previous stud- 
ies. 


Size and Stage of Disease 


Size and stage of disease are perhaps the most important 
factors in assessing the PPV. Staging permits the comparison 
of tumors by classifying them into groups that behave with 
some similarity so that prognosis can be estimated and treat- 
ments chosen and assessed. Survival from breast cancer is 
directly linked to the stage of the cancer at the time of 
detection [17]. Women with stage | cancers have a better 
than 90% 5-year survival [18]. When axillary nodes are found 
to contain tumor or the tumor is larger than 2 cm (stage lI), 
the 5-year survival drops to less than 70%. The prognosis is 
uniformly poor if metastatic disease is found elsewhere in the 
body at the time of diagnosis. 

The randomized controlled trials of the Health Insurance 
Plan of New York [19] and the more recent Swedish two- 
county trial [20] confirmed the validity of survival information. 
Through the randomization process, and by using mortality 
from breast cancer as the end point, these trials eliminated 
the effects of lead-time bias and length-bias sampling. Data 
from the Swedish study further revealed that the reduction in 
mortality associated with screening was due to the earlier 
stage of the breast cancers detected [21]. 

As might be expected with an artificial system, staging is 
imperfect and cannot be used to accurately group cancers 
with similar potential. Tumors within the same stage can 
behave quite differently. The size of the primary tumor is one 
of the most important predictors of future problems. A long- 
term follow-up of women with stage | cancers diagnosed at 
Sloan-Kettering in New York showed that even within stage 
|, tumors less than 1 cm in diameter had a more favorable 
prognosis than those between 1 and 2 cm in diameter [22]. 
A recent study [23] of women whose axillary lymph nodes 
were free of cancer also indicated the prognostic importance 
of tumor size. In the Swedish trial, when the tumor was less 
than 1 cm in diameter, survival was independent of another 
important prognostic indicator, histologic grade (L. Taber, 
personal communication). Thus, although 1 cm is an artificial 
threshold, the detection of invasive lesions smaller than this 
seems to have important advantages. Such detection is 
achievable by mammography and is a reasonable screening 
goal. Among the nonpalpable, screen-detected breast can- 
cers found between 1978 and 1990 at the Massachusetts 
General Hospital, 57% of the invasive lesions were less than 
1 cm in diameter (measured at pathologic examination). In- 
cluded among the criteria that should be used to assess the 
significance of PPV should be the size of the cancers detected 
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and, in particular, the percentage of invasive tumors 1 cm or 
less in diameter. In addition, the percentage of women with 
lymph nodes that contain cancer should be noted so that the 
overall distribution of lesions by size and stage can be deter- 
mined. 


Interval Cancer Rate 


The interval cancer rate, if available, is an important meas- 
ure of the success of threshold sensitivities. In the Breast 
Cancer Detection Demonstration Project [24], the cancers 
that were diagnosed between screenings amounted to almost 
20% of the total cancers diagnosed in the population. In the 
Malmo trial [25], interval cancers accounted for almost 30% 
of the total cancers diagnosed, suggesting a higher threshold 
for biopsy (and perhaps, in part, accounting for the failure in 
that trial to, as yet, show a mortality benefit). A comparison 
of interval cancer rates gives an indication of the success of 
thresholds used for intervention—the higher the interval can- 
cer rate, the less successful the screen. 

A figure that is difficult to obtain in many of the published 
data is the number of cancers that were interpreted as 
probably benign but that grew between screenings and were 
ultimately diagnosed. These are not counted as interval can- 
cers because they remained clinically occult despite their 
growth. A thorough evaluation of biopsy thresholds and PPV 
should include this category of clinically occult lesions, of 
which a diagnosis could have been made sooner but was 
delayed. These should be distinguished from lesions that are 
visible in retrospect but were not consciously excluded from 
biopsy. In the former case, use of a more aggressive biopsy 
strategy would affect PPV; in the latter, it would have no 
affect as the tumors were not seen to begin with, and, 
therefore, no opportunity was missed (only double reading 
could influence the failure to perceive the lesion). 


Percentage of Ductal Carcinoma In Situ 


A great deal of controversy still exists about the importance 
of ductal carcinoma in situ (DCIS) [26]. Many think that this 
is a precursor of invasive breast cancer; others think that in 
many women with DCIS, an invasive lesion will never develop. 
Calcifications are the most common indication of DCIS, but a 
substantial overlap occurs between the morphologic charac- 
teristics of calcifications produced by benign and malignant 
processes. If biopsies are only undertaken when “classic” 
fine, linear, irregular calcifications of comedocarcinoma are 
present, the PPV will be high, but many other cancers may 
be missed. As DCIS may take 10 or more years to become 
invasive, the failure to diagnose these cancers will not be 
apparent for many years. 

In an aggressive screening practice, a significant number 
of DCIS cases will be found. In our own practice, as well as 
in that of Sickles and coworkers [27], 30% of cancers de- 
tected by mammographic screening are DCIS. Until the nat- 
ural history of DCIS is better known, we should include these 
in the overall breast cancer statistics but classify the lesions 
separately. 
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Lobular carcinoma in situ is even less well understood, and 
until its true significance is better defined, it should also be 
classified separately. Most investigators do not include this 
lesion in breast cancer statistics. 


Improving the Positive Predictive Value 


A great deal of anxiety is created by the suggestion of a 
breast abnormality. Reducing the number of “false alarms” is 
of primary importance in reducing psychological trauma for 
the patient. Surgery also represents various degrees of phys- 
ical trauma because the surgical approach to these lesions 
varies considerably. Although a breast biopsy can be an 
extremely safe, outpatient procedure done under local anes- 
thesia, some patients and surgeons prefer general anes- 
thesia, despite the attendant increased risk. In addition, the 
amount of surgery used and the resulting amount of physical 
trauma sustained by the individual varies widely. Although 
most of these lesions can be satisfactorily removed in a 
volume of 5 cm° or less [28], the reported average amount of 
tissue removed is more than 40 cm? [29]. 

The economic consequences of a breast biopsy cannot be 
ignored: the more women screened, the more biopsies rec- 
ommended. The costs of the needle localization and surgery 
are significant. In Chicago in 1987, the average cost for needle 
localization and open biopsy was $2200 [30]. These costs 
must be factored into the overall cost of screening [31] and 
ultimately judged in terms of the best use of health-care 
dollars. 

We should not lose sight of the fact that early diagnosis is 
the goal of screening and may save lives. We must also 
recognize the differences between the health care system's 
interests and the advantages and disadvantages for each 
woman as an individual [32]. As we begin to explore new 
ways to reduce the number of open biopsies of benign lesions, 
we should not overlook the fact that a breast biopsy should 
be among the safest of surgical procedures and that the 
stakes are quite high for the woman whose diagnosis may be 
delayed by our attempts to reduce the number of procedures. 
Although physicians prefer to deny the influence of the pres- 
ent litigious climate, we also cannot overlook the legal con- 
sequences of a delayed diagnosis [33]. 

Efforts to improve the PPV should not be limited to mam- 
mographically detected lesions alone. The challenge should 
also be to surgeons to develop better approaches to the 
palpable breast lesion. 

The American College of Radiology with support from 
numerous other societies and the Centers for Disease Control 
has developed reporting and data collection systems to be 
used by individual practices. It is hoped that both will be 
adopted by those who provide mammography services. The 
reporting system will help standardize the often confusing 
analysis of mammograms and, by requiring the radiologist to 
assign findings into one of five categories, reduce the ambig- 
uous reports that are prevalent. The data base is important 
to help monitor the success of screening and to assist each 
practice in assessing the results of its own program. The PPV 
for each practice must be judged in relation to the type of 
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cancers detected and their size, grade, and stage. Each 
practice should establish guidelines and track the results of 
their biopsy policies. The analysis of mammograms and the 
resultant recommendation should not be capricious, but 
should be based on specific, defined criteria. Thresholds for 
intervention should be delineated and used consistently. By 
monitoring the results of mammography, specific criteria can 
be assessed and thresholds adjusted. 


How Will Positive Predictive Value Be Improved? 


Experienced interpreters will help improve the PPV. Sickles 
[27] has shown in his practice that the most experienced 
reader has the highest PPV. As more radiologists gain expe- 
rience, and if they follow up on their patients and learn from 
the results of biopsies, the level of accuracy will improve. We 
must become more sophisticated in our selection of lesions 
that require excision. By organizing our data, as has been 
done by Moskowitz [34], it should be possible to develop 
probabilities for various lesions so that the patient and her 
physician can make an informed decision. We, as radiologists, 
may be willing to follow up a “low-probability” lesion, but it 
should be up to the patient to make that decision, and she 
needs the best estimates that we can provide. Women who 
are asked to return repeatedly for short-interval follow-up pay 
a psychological penalty because of uncertainty that is sus- 
tained over many months. A woman should be offered the 
option of certainty provided by a safe, accurate, and imme- 
diate excision should she so desire. 

New techniques must be developed to reduce the trauma 
and expense needed to accurately determine the nature of 
an abnormality. It is time that a modern approach be applied 
to breast biopsy. Surgeons have, until recently, been uninter- 
ested in rethinking the techniques involved in excising non- 
palpable breast lesions and have removed far more tissue 
than was needed for most lesions. Little has been written in 
the surgical literature about technical approaches to these 
biopsies. We can only surmise that the lack of discussions 
among surgeons is due in part to the belief that biopsy of 
nonpalpable breast lesions is a fairly simple procedure, yet 
reports in the literature describing failure to remove lesions, 
complications from wire transection, excessive tissue re- 
moval, and complaints about needle positioning belie this. A 
fairly common attitude among some surgeons is that a large 
amount of tissue can be removed from the breast without 
being noticeable. Few surgeons have addressed the question 
of how much tissue actually needs to be removed, and how 
the amount can be minimized. There is no reason to remove 
a large amount of tissue when a lesion is only marginally 
SUSPICIOUS. 

Alternatives to open biopsy, such as fine-needle aspiration 
cytology and core needle biopsy, are now being explored. 
Although they should be encouraged, development of new 
approaches that do not completely remove the lesion suffer 
from possible sampling error and could potentially result in 
unfortunate delay in diagnosis in some women. An alternative 
is for surgeons and radiologists to develop new approaches 
to the breast biopsy to improve their techniques, minimize 
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the trauma from an excisional procedure, and reduce the cost 
of diagnosis. Complete excision eliminates any question of 
sampling error. Improvements in open biopsy can be made. 
For example, the vagaries of needle localization and guide 
placement followed by surgery can be avoided by excising 
the lesion under indirect visualization while the breast is held 
in compression in a mammography unit. This could permit the 
complete excision of a lesion with minimum complexity and 
trauma. An operating room and all the excess resources 
currently mobilized would be unnecessary. The size of the 
incision could be reduced and the volume extracted mini- 
mized. Such a procedure could be done expeditiously, and 
by reducing the volume of tissue removed, recuperation would 
be hastened. The cost of diagnosis would also be reduced. 

Alternative approaches to excisional biopsy should be de- 
veloped. Improved case selection through morphologic analy- 
sis may reduce the number of benign biopsies. Lesions with 
a low probability of being malignant would be segregated into 
a “probably benign” category and monitored by obtaining 
mammograms at fixed intervals. In a recent review of lesions 
classified in this fashion, Sickles [35] found that by using a 
periodic follow-up instead of biopsy, 17 cancers among 3184 
lesions had a delayed diagnosis. As almost all were still early- 
stage lesions by the time of ultimate diagnosis, it appears 
that harm likely did not occur from this delay (although two 
were stage Il). However, the potential problems with this 
approach include the patient’s long period of anxiety, and 
poor compliance during the period of careful monitoring may 
result in additional delay in diagnosis. In Sickles’s study, by 
the end of the follow-up period, 35% of patients did not return 
for examination. 

Fine-needie aspiration cytology and core needle biopsy, 
although still experimental in the United States, are promising 
methods for further reducing the need for unnecessary open 
biopsies. Fine-needle aspiration cytology has had the greatest 
evaluation, and in some hands it appears to be very accurate 
[36-38]. It is, however, operator dependent and somewhat 
of an art. In addition, it requires a highly skilled cytopathologist 
to interpret the material. Sampling error is a distinct possibility, 
and because of the vagaries of the technique, each center 
should independently establish the efficacy of the procedure 
[39]. Large-bore core biopsy is likely to become the procedure 
of choice [40]. Its high degree of mechanization will reduce 
the learning curve and make it a more transferable technology. 
The histologic material is more easily interpreted by general 
pathologists, and significant complications have not yet been 
reported. Sampling errors will likely occur, but delays in 
diagnosis can be reduced by using the morphologic appear- 
ance of the lesion on mammograms as well as the core 
sample [41]. By acting on the more suspicious findings as 
indicated by the two studies, ultimately, false-negatives can 
probably be kept extremely low. Currently, the only negative 
concern that has been voiced has come from pathologists, 
who fear that given only sections of a lesion, and with the 
loss of cytologic features that are eliminated during the fixa- 
tion process, breast cancers may be overdiagnosed when 
core biopsy is used. Further demonstration of the efficacy of 
these procedures in various settings is needed before either 
can replace open biopsy. 
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Other imaging technologies should also be studied. MR 
imaging holds some promise, and a recent positron emission 
tomography study of breast cancer patients had encouraging 
results [42]. 


Conclusions 


The “appropriate” PPV for mammography cannot be de- 
fined in an absolute sense, and an “acceptable” rate will 
always be subjective. The factors that contribute to PPV and 
that should be included in any discussion of PPV are sum- 
marized in Table 1. 

In order to reduce the cost of screening (human and eco- 
nomic), the number of cancers diagnosed per biopsy per- 
formed should be maximized; but, ideally, this should not be 
done at the expense of increased false-negative findings. 
Although breast cancer is a common malignant disease, it 
fortunately affects only a small percentage of women each 
year in the large population of women who will be screened. 
Each case is, therefore, increased in importance. 

Several approaches for improving the PPV are available. 
An improved understanding of morphologic differences be- 
tween benign and malignant lesions may help reduce the 
number of biopsies of lesions that prove to be benign. Repet- 
itive screening should be encouraged. Stable findings seen 
on subsequent mammograms have a low probability of being 
cancer. 

Fine-needle aspiration and core biopsy should continue to 
be explored. These less invasive procedures likely will ulti- 
mately reduce the number of open biopsies needed for diag- 
nosis. 

The open biopsy itself should be reevaluated. Approaches 
that have been used for large, palpable masses in the past 
are inappropriate for biopsies that rely on imaging guidance. 
Any radiologist involved in guiding open biopsies knows that 
the skills of surgeons performing these procedures vary 
widely. Before accepting a new technique that might result in 
reduced accuracy and delayed diagnosis, we should try to 
improve the gold-standard diagnostic technique of excisional 


TABLE 1: Data Needed to Assess the Significance of Positive 
Predictive Value 


Age distribution of the population being screened (other risk factors 
should be monitored if possible) 
Number of cancers diagnosed per 1000 women 
Size distribution of the invasive cancers and the percentage less 
than 1 cm in diameter 
Histologic type and grade of cancers 
Percentage with cancerous nodes 
Interval cancers (if possible) 
False-negative mammograms (if possible) 
Not visible 
Seen but interpreted as benign and followed up (delayed diag- 
nosis) 
Visible in retrospect 





Note.—lIdeally, the positive predictive value should be calculated separately 
for women being screened for the first time and for those who have been 
screened before. These data should be tracked separately for ductal carcinoma 
in situ. Lobular carcinoma in situ also should be followed separately and not 
included among the cancer statistics. 
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biopsy. Accurate needle localization should be required so 
that tissue removal is minimized. New approaches to minimize 
the inaccuracies of the open biopsy, such as performing it 
with the breast held in the mammography unit, should be 
explored. Tissue diagnosis should become a truly minor pro- 
cedure so that we can aggressively diagnose early cancers, 
distinguish benign from malignant lesions with greater cer- 
tainty, minimize trauma, and reduce cost. 
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Review Article 





Economic Issues in Screening Mammography 


Robert A. Clark! 


The issues surrounding screening mammography present ap- 
parent conflicts: conflicting guidelines for screening; an oversup- 
ply of facilities, yet inadequate access to mammography for some 
groups of women; increased medicolegal vulnerability as partic- 
ipation in screening is promoted; disparate results from studies 
of cost-effectiveness; wide variations in delivery modes and 
practice patterns of facilities, yet an evolution toward a single set 
price for mammography by payers for screening. This review 
does not claim to offer solutions to these conflicts, rather it 
attempts to carry forward a discussion of the issues. With these 
conflicts, screening mammography may be only a microcosm of 
similar economic issues in general health care delivery. Our 
health care system has room for variety, if access and quality are 
improved at an affordable cost. Screening for breast cancer with 
mammography will not reach its full potential to reduce mortality 
until many of these issues can be resolved. 


Screening for breast cancer with mammography signifi- 
cantly reduces the mortality from the disease in women who 
are screened [1, 2]. Although debate continues over both the 
age at which screening should begin and the frequency of 
screening, a widespread consensus is that routine mammog- 
raphy is a basic, essential element of health care for adult 
women [3, 4]. Three of the most widely disseminated guide- 
lines for screening mammography are summarized in Table 
1. The National Cancer Institute (NCI) has set cancer control 
goals for the year 2000 that include participation of 80% of 
all eligible women in regular mammographic screening [5]. 


Received August 9, 1991; accepted after revision October 14, 1991. 


Moreover, national politicians and women’s health advocates 
recently issued a “Breast Cancer Challenge” to the American 
medical community, demanding success in the fight against 
breast cancer by the year 2000; this challenge was accepted 
in toto by NCI director Samuel Broder [6]. Included were 
challenges to ensure by the year 2000 that all women over 
the age of 40 get regular mammograms and to ensure that 
all mammograms are of the highest quality. 

These national guidelines have evolved during a time of 
rising health care expenditures and an intense scrutiny of the 
economics of health care. Realization of these goals will have 
a marked economic impact on the women paying for the 
services, on the providers of mammography and related 
services, and on society as a whole dealing with containment 
of health care expenditures. 

The purpose of this review is to consider the current status 
of screening mammography, focusing on pertinent issues in 
economic terms. 


Overview of Health Care Expenditures 


In the past decade, health care expenditures in the United 
States have risen more than 10% each year; it is estimated 
that in 1990 health care expenditures amounted to $653 
billion, a 2.5-fold increase from the level of 1980 [7]. On a per 
capita basis, annual health care expenditures in the last 
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TABLE 1: Guidelines for Screening Mammography 
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SS Ss 


Issuing Group 


United States Preventive Services Task Force 
American College of Physicians 


American Cancer Society, American Academy of Family Physicians, 
American Association of Women Radiologists, American College 
of Radiology, American Medical Society, American Society of In- 
ternal Medicine, American Society for Therapeutic Radiology and 
Oncology, College of American Pathologists, National Cancer In- 
stitute, National Medical Association, and American Osteopathic 
College of Radiology 


Recommendations 


Annual or biannual mammography, ages 50-74 

Annual mammography, age 50 and older; mammography under 
age 50 based on risk factors of woman 

Baseline mammography by age 40; annual or biannual mam- 
mography, ages 40-49; annual mammography, age 50 and 
older 


sss =e en ae ae 


decade rose from $1059 to $2525. This increase in the per 
capita expense has been attributed to several factors, includ- 
ing “excess” inflation in the medical care sector, increased 
use, advances in costly high-technology services, and an 
increasing number of elderly in the population. 

In 1965, before the institution of Medicare and Medicaid, 
health care expenditures were 5.9% of the gross national 
product (GNP). In 1990, spending on health care amounted 
to 11.9% of the GNP; it has been estimated that in 1991, 
national health care spending would rise to $717 billion, or 
12.5% of the GNP [7]. The United States currently spends 
more of its GNP for health care than any other industrialized 
country in the world; Canada spends 9%, Japan spends 7%, 
Britain spends 6% [7]. 

The national “economic burden” for cancer care in 1990 in 
the United States has been estimated at $104 billion, divided 
between $35 billion in direct costs and $69 billion in morbidity 
and mortality costs [8]. The total national expenditures for all 
cancer screening services in 1990 (mammography, Pap tests, 
and colorectal screening) were estimated to be $2-3 billion 
[8]. 

About 47 million American women over age 40 are now 
eligible for screening mammography [9]. The average charge 
for routine mammography in the United States is more than 
$100 [9]. If all women over age 40 were to receive annual 
mammograms at this charge, total mammography expendi- 
tures would be nearly $5 billion per year, or almost 1% of the 
total national health care expenditures for 1990 and about 
25% of the total annual expenditures for diagnostic imaging 
[10]. For each woman, the expense for mammography would 
represent almost 4% of the average annual per capita ex- 
penditure for health care. It is clear that implementing pro- 
grams for more widespread screening mammography will 
have significant effects on future health care costs. For soci- 
ety, these costs may not be easily borne; therefore, methods 
to limit expenditures without reducing effectiveness are cur- 
rently being sought. 


Demand-Side Analysis 


Demand-side analysis is the consideration of economic 
factors that contribute to the development of aggregate (total) 
demand for a product or service. The annual aggregate 


demand for screening mammography is the total number of 
women who purchase screening services yearly. 

The full brunt of the economic impact of screening mam- 
mography has not been realized so far, as only 25-40% of 
eligible women receive regular screening mammography [11- 
15]. A variety of factors contribute to these low figures and 
may be considered patient related or physician related [15- 
18]. Barriers that keep women from receiving screening in- 
clude high cost; limited availability of services; limited access 
to services; fear of cancer, cancer treatment, or the radiation 
of mammograms; lack of knowledge about effectiveness; and 
lack of physician referral. Clinicians cite several reasons for 
not referring women for screening mammography: high cost, 
skepticism about its effectiveness, unclear or conflicting 
guidelines, a lack of confidence in local mammographic 
expertise, and a sense that asymptomatic women will not 
accept screening. 

Attempts to overcome these barriers and increase use have 
yielded mixed results [18-23]. Women with an underlying 
concern for health-related matters and women with strong 
family histories of breast cancer are more likely to respond to 
efforts to increase participation in screening. Poor women, 
uneducated women, and older women are less likely to re- 
spond to such interventions [19-21]. Physicians may recom- 
mend screening mammography more often for women who 
are younger and better educated [21]; physicians are more 
likely to refer women for screening mammography when the 
physicians’ own offices are well organized and when mam- 
mography services are easily scheduled and available [21- 
23]. One of the most important determinants of a woman's 
participation in screening is the referral from her primary 
physician [18, 21]. Thus, access of women to primary-care 
physicians and physicians’ mammography referral practices 
are critical points in the use of screening. 


Relationships Among Access, Quality, and Cost 


Access to screening services cannot be entirely separated 
from other issues, such as quality and cost. For example, a 
primary care physician may not refer women for screening if 
the physician thinks that the local charges for mammography 
are too high or that the local quality of services is poor [15, 
16]. Similarly, a woman may resist mammography for reasons 
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of cost or quality. Although the interrelationship is important, 
it is easier to discuss these issues separately. 

The adequacy of access to mammographic services for 
women is a complex and controversial topic. The access of 
many Americans to health care is limited; it is estimated that 
nearly 40 million Americans, or at least 15% of the population, 
do not have health care insurance [24, 25]. Methods to make 
screening mammography available to all women, including 
poor women, are only one aspect of an ongoing debate over 
how to provide access to health care for everyone in the 
United States. It is becoming clear, however, that lack of 
access to screening and other medical services contributes 
to an increased mortality from cancer in poor women [26, 
27]. A compendium of proposed solutions to universal health 
Care coverage has recently been published [28], and propos- 
als for providing cancer screening and detection services to 
the medically indigent have similarly been summarized [29]. 
Most proposals for universal health care can be categorized 
as one of three types: (1) compulsory provision of private 
insurance by employers, with the government insuring non- 
workers and the poor; (2) tax credits for the purchase of 
private insurance; or (3) all insurance provided by the govern- 
ment [30]. The type of system that eventually evolves may 
determine types of effective interventions to improve the use 
of screening. For example, if universal health insurance be- 
comes employer based, workplace screening programs may 
be more effective in promoting use and improving access. 
Alternatively, if health care coverage is driven by tax credits, 
the offer of tax incentives to providers of screening for the 
medically indigent or credits given directly to women who 
purchase screening examinations may increase the use of 
screening [31]. However, any comprehensive approach to 
these problems will require major changes in health care 
delivery and payment methods. 

Documentation of the quality of mammography has become 
an important part of providing this service. In 1987, the 
American College of Radiology (ACR) began a program to 
accredit individual mammography practices [32, 33]; the pro- 
gram is becoming a de facto standard of quality assurance. 
This voluntary program involves peer review of staff qualifi- 
cations, equipment, mammograms, doses of radiation to the 
breast, and quality control programs. Facilities that meet all 
the criteria of the program are awarded a 3-year accreditation 
and a listing on the American Cancer Society (ACS) referral 
list of approved mammographic centers. One way for a clini- 
cian or woman to find qualified facilities is to obtain a listing 
from the local ACS chapter or the ACR. As of June 1991, 
more than 3000 mammography facilities had been accredited 
[34]; however, this is less than one third of the estimated 
10,000 facilities nationwide [9]. 

Over 30 states have laws requiring reimbursement for 
screening mammography, but only nine have enacted quality 
assurance legislation [35, 36]. At least two (Michigan and 
Florida) have passed laws requiring the equivalent of ACR 
accreditation for centers that perform mammography. Federal 
legislation to establish national standards for quality in mam- 
mography is expected [35, 36]. Moreover, Medicare began 
reimbursement for screening mammography in 1991; guide- 
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lines issued by the Health Care Financing Agency imply that 
ACR accreditation or its equivalent will be required for reim- 
bursement by Medicare [34]. 


Determinants of Price: Comparison of Aggregate 
Demand and Supply 


Estimates of aggregate demand vary, depending on which 
guidelines for screening mammography are used (Table 1). 
The lowest estimate of aggregate demand for mammography 
(15 million procedures annually) results from the guidelines of 
the United States Preventive Services Task Force. The high- 
est estimate of aggregate demand (47 million procedures 
annually) comes from the joint ACS/NCI/ACR guidelines. A 
recent report [9] assessed this supply-and-demand compari- 
son. The authors began with a practical mammography unit 
capability of 6000 examinations per year and estimated, given 
the aforementioned calculations for aggregate demand, that 
the number of mammography units required to provide mam- 
mography services varied from 2566 to 7892, depending on 
the demand figures used. Approximately 10,000 mammog- 
raphy units exist in the United States. The authors concluded 
that there is currently an oversupply of mammography units 
and that this excess supply has several adverse economic 
effects. First, it implies that these resources are being used 
inefficiently. Second, the underuse of existing mammography 
units necessitates that these units charge a high price, more 
than $100 per procedure, to cover costs; this may impede 
the desired public health trend to reduce charges for screen- 
ing mammography and thereby increase use. Third, the ov- 
ersupply of units operating at low capacity increases the cost 
of quality assurance and record keeping. 

However, overall comparisons of aggregate demand and 
supply do not assess the regional distribution of mammog- 
raphy machines. In a similar analysis of supply-and-demand 
relationships for screening mammography in four counties in 
Florida, an oversupply of machines was found in urban coun- 
ties, and an undersupply was found in rural counties [37]. 
This apparent reduced access to mammography facilities for 
rural women probably reflects the women’s overall reduced 
access to health care [38]. In rural areas, the lack of a large 
population base reduces incentives for rural radiologists to 
provide screening services, particularly at low cost. Con- 
versely, in urban areas, the perceived need to remain “com- 
petitive” may force radiologists to provide screening services, 
even when more than enough units are already available for 
the population. A potential solution, as yet untried, might be 
cooperative provision of low-cost screening services by com- 
peting radiology practices. 

Standard economic theory holds that supply will accurately 
match demand in a free market [39]. However, for many 
reasons, medical care is not a free-market situation; demand 
for medical services may actually increase as supply in- 
creases, rather than the reverse [40]. For the past several 
decades, the cost of diagnostic mammography has been 
reimbursed by medical insurance carriers, and other payers, 
at a cost-based rate, with the costs determined at low-use 
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rates. The current average charge of more than $100 for 
mammography was set during this period and has become 
an “allowable” charge. This price, charged to third-party pay- 
ers, now acts as a “price floor” resulting in both high prices 
and oversupply [39]. 

Recent changes in the reimbursement policies of Medicare 
and commercial insurers for the cost of screening mammog- 
raphy (as distinguished from diagnostic or consultative mam- 
mography) may alter this situation. Medicare has set its 
reimbursement rate for screening mammography in 1991 at 
$55 per examination; other insurance carriers and payers may 
follow this lead. If the new allowable charge for screening 
mammography becomes $55, it will affect the supply of 
services. For example, if this charge does not cover the costs 
of certain facilities, those facilities may lose money or go out 
of business. Moreover, if this charge is lower than the costs 
of most facilities, an undersupply of units may result. This 
would be analogous to the situation of a “price ceiling” [39]. 
As long as mammography charges are set by payers, rather 
than a free market, the supply and demand for screening will 
never match. Therefore, it is important that both the providers 
of screening mammography and the payers of the costs 
recognize the effects of price setting. The differences in cost 
structure and overhead of various types of facilities markedly 
affect the ability of some facilities to operate at lower fixed 
prices. 


Supply-Side Analysis 


Supply-side analysis addresses the determinants of pro- 
duction function. For screening mammography, two facets of 
production should be considered: performing the examination 
and interpreting the study. 

Several recent articles [41-43] have evaluated the effi- 
ciency of performing screening mammography in high volume. 
These reports have emphasized techniques to increase 
throughput of examinations and maximize the use of a mam- 
mography machine and facility. Because mammography ser- 
vice is characterized by high fixed costs (e.g., equipment and 
salaries) and negligible variable costs (e.g., film), the unit 
examination cost is minimized as throughput is maximized, 
and the marginal cost of each additional examination per- 
formed (until capacity is reached) is negligible. In other words, 
the marginal profit of each additional examination increases 
until capacity is reached. 

Several techniques have been developed to improve 
screening efficiency and reduce costs: dedication to screening 
examinations only, batch processing of films once or twice a 
day, loading of films on mechanical viewers for batch inter- 
pretations, simplified and standardized reporting of results 
either manually or by computer, and standardized follow-up 
and quality assurance [41-43]. 

Mass screening has been proposed as the only feasible 
approach to offering screening at low cost [43]. Less often 
stated is the possibility that increased efficiencies will result 
in greater profits in addition to lower prices. The maximum 
capacity of a dedicated mammography unit is generally as- 
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sumed to be 40 examinations per day (or per 8-hr shift, or 
per technologist per day), or 10,000 examinations per year. 
Practical capability may be less: Inefficiencies in staffing and 
demand always exist; use of mobile mammography units is 
less efficient than that of standard units because of setup and 
travel time; the population may be too small in rural areas to 
provide an adequate number of examinations each day. For 
planning purposes, a practical capacity of 6000-8000 exam- 
inations annually may be a more realistic goal. However, 
screening mammography can be provided profitably at 
charges of less than $60 at practical capacities of 6000-8000 
examinations per year, and as low as $30-45 per examina- 
tion, when operated at maximum capacity [43]. Clearly, it is 
critical to recognize the reciprocal relationship of cost and 
volume if costs are to be reduced. 

However, not all facilities may be able to duplicate these 
reported cost structures [44]. The largest difference in the 
cost structures among screening mammography facilities may 
be overhead allocation. When mammography is provided in a 
free-standing facility that does screening examinations only 
(and not consultative or diagnostic examinations), without a 
radiologist in attendance, and with no other assessment of 
overhead charges, the efficiencies of high volume can be 
achieved and the costs reduced. However, larger overhead 
costs are incurred if screening mammography is performed 
in a hospital or clinic, in combination with consultative studies 
or with a radiologist in attendance. High-volume, low-cost 
mammography screening would require a change in both the 
practice patterns of many mammography facilities and the 
expectations of many women receiving mammography. How- 
ever, evidence exists that this can be accomplished [41-43]. 

Numerous indirect costs exist that may vary widely from 
facility to facility. These include those for physical overhead 
(e.g., rent, heat, electricity, maintenance), medicolegal cover- 
age, quality assurance, marketing, and opportunity costs. 
Medicolegal costs for the provider of screening mammogra- 
phy can be calculated initially as the annual malpractice in- 
surance premium of the radiologist. Medicolegal costs may 
increase markedly as the use of screening mammography 
increases. Failure to diagnose breast cancer has become one 
of the most common reasons for malpractice litigation in the 
United States [45]. Until recently, the defendants in most of 
these suits have been primary care physicians, as the com- 
mon standard for diagnosis was clinical detection. 

Some think that as use of screening mammography in- 
creases, the vulnerability of radiologists to malpractice claims 
for failure to detect early breast cancer will increase also. This 
topic has been addressed recently from several perspectives 
[45-50]. Radiologists should be aware of the areas of vulner- 
ability in the practice of mammography and of the current 
standards of practice with which their own practices will be 
compared. Continuing education is recommended, as well as 
an awareness of the subtle, secondary mammographic signs 
of breast cancer. Documentation of quality assurance through 
the use of practice audits has been emphasized as an impor- 
tant part of preventive defense of vulnerability [50-52]. Simi- 
larly, the practice of nonoperative management (short-term 
mammographic follow-up) of women with mammographic 
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abnormalities with low malignant risk has been assessed as 
a standard of practice [46, 47, 53]. 

Because documentation of quality assurance is such an 
essential part of screening mammography, its costs should 
be accurately assessed. However, no studies have yet eval- 
uated the costs of a comprehensive quality assurance pro- 
gram. The components of a practice audit have been well 
outlined [51, 52], but the accumulation of follow-up informa- 
tion on women who have received mammography can be 
difficult and time-consuming. A cost-effective approach to 
quality assurance requires an efficient and effective informa- 
tion system [51, 54, 55]. Although this type of program can 
be done manually, for most practices of moderate volume, a 
computerized tracking system will be necessary [51, 54-56]; 
hardware, software, and personnel therefore are relevant 
costs for a basic quality assurance program. Additionally, 
tracking the outcomes of women who have abnormal mam- 
mograms may require considerable time for telephone calls, 
mailings, or electronic communications. The costs of quality 
assurance are also proportional to the efforts made to track 
the outcomes of women who have normal mammograms. 
Although false-negative rates (“missed” breast cancers) can- 
not be determined without tracking such outcomes, few large- 
volume screening programs systematically track these 
women [51, 57]. 

Another facet of supply-side analysis is the production 
function of mammographic interpretation. An estimated 
10,000 mammography facilities are providing studies at an 
average examination charge of more than $100 [9]. An esti- 
mated 20,000 board-certified radiologists are potentially avail- 
able to interpret mammograms [10, 58, 59]. If 47 million 
mammograms were obtained annually (the largest aggregate- 
demand estimate), and all radiologists were involved in inter- 
pretation, each radiologist would have to interpret 2350 mam- 
mograms per year or about nine mammograms per day. At a 
total examination charge of $100, the professional interpre- 
tation fee would be about 40%, or $40 per examination. The 
fees for nine mammograms per radiologist per day would be 
$360. Bird and McLelland [41, 57] and Sickles et al. [42, 51] 
have suggested that screening mammograms can be inter- 
preted in high volume for a professional fee of $5-10 per 
examination. The equivalent daily fees for screening then 
would be 36 examinations at $10 per study, a total of $360. 
Not all radiologists interpret mammograms, so it is likely that 
more screening mammograms will be interpreted per radiol- 
ogist as use of the procedures increases. In a screening 
situation, it is feasible for one radiologist to interpret 40-200 
examinations per day. Even with professional fees of $10 per 
study, daily fees in high-volume conditions could range from 
$400 to $2000. Technologic advances could increase the 
interpretation productivity of a radiologist even further. The 
use of “prereaders” (e.g., physician assistants or nurse-clini- 
cians) or computer image analysis to detect normal exami- 
nations in screening populations has been proposed 
[60-62]. Teleradiology systems may obviate a radiologist’s 
physical presence at a mammography site or the transfer of 
films for interpretation [63]. Although these approaches are 
currently investigational, such methods could drastically in- 
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crease the efficiency of interpretation. As productivity in- 
creases, an economic benefit could be realized as either lower 
examination charges or increased interpretation profit. 

An important concept in the analysis of the economics of 
screening mammography is that of opportunity cost [64]. 
Opportunity cost can be defined as the value of the next best 
alternative that must be given up to produce a service. 
Opportunity cost in this setting is the cost to the interpreter 
of mammograms to provide the service, as calculated on the 
basis of the income forgone from the next best alternative 
opportunity. A general radiologist might measure the oppor- 
tunity cost of interpreting mammograms as the professional 
fees that could be derived from interpreting another type of 
examination in an equivalent amount of time; for example, 
interpretations of 40 mammograms might be equivalent in 
workload to interpretations of 10 CT or MR examinations. 
Each radiologist would arrive at his or her own calculation of 
opportunity cost on the basis of comparisons of difficulty, 
previous training or expertise, availability of the studies for 
interpretation, and the relative fees for interpretation. Until 
recently, many radiologists may have determined that the 
opportunity costs for low-cost screening mammography were 
very high; that is, the forgone fees for interpretation of other 
imaging studies, particularly newer cross-sectional imaging 
studies, were higher than the fees for interpretation of screen- 
ing mammograms. This may be a negative incentive for 
radiologists to participate in low-cost screening programs. 
Conversely, primary care physicians may view the opportunity 
costs of interpreting screening mammograms differently; the 
alternative office practice fees may be much lower. This may 
explain in part the recent increase in interpretation of mam- 
mograms by primary care physicians [65]. Potential changes 
in the practice of radiology may lower the opportunity costs 
for radiologists. These changes include decreasing reimburse- 
ment rates for other types of examinations, increased training 
in mammography for residents and practicing physicians, 
greater efficiencies in mammographic interpretation (as noted 
before), and future rationing of high-technology imaging serv- 
ices resulting in relatively fewer studies for interpretation. 


Cost-effectiveness Analysis 


Confusion and misconceptions about cost-effectiveness 
analysis are widespread, especially among clinical physicians 
[66-69]. Such analysis has several levels: cost-outcome de- 
scription, cost minimization, cost-effectiveness, cost-benefit, 
and cost utility [66-71]. 

All health care evaluations have at least two major com- 
ponents: costs and outcomes. Outcomes are variable and 
may include detection of disease, survival, quality of life, and 
response to treatment. The choice of an outcome for meas- 
urement depends on the purpose of the evaluation, the spe- 
cific programs studied, and the type of evaluation being 
conducted [71]. Cost determination depends on the perspec- 
tive of the evaluation, the purpose, and the time frame of the 
study. For example, if costs are evaluated from the point of 
view of a screening mammography facility, only costs (not 
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charges) related to performance and interpretation of the 
screening examination would be included. If a more compre- 
hensive societal point of view is taken, costs would include 
charges for screening mammography plus incurred charges 
for all screening-induced procedures and expenses. If differ- 
ences exist in treating screening-detected cancers as com- 
pared with clinically detected cancers, such costs might also 
be included in an evaluation. 

Cost-effectiveness analysis defines outcomes in natural 
units, such as cancers detected, survival rates, years of life 
gained, or tumor response to treatment. In order to compare 
two programs, their outcomes must be measured in equiva- 
lent units. The costs of each program may then be deter- 
mined, and the incremental or additional cost of one program 
relative to the other is compared with the incremental change 
in outcome for that program relative to the other; the results 
are expressed as a ratio [70, 71]. For example, one recent 
study found that screening mammography performed every 
2 years in asymptomatic women over age 50 cost $4850 per 
year of life gained when compared with a policy of routine 
Clinical care [72]. When one program is more effective and 
less costly than another, the choice is obvious. When one 
program is more costly and more effective than another (e.g., 
screening mammography vs usual Clinical care), its value is 
less obvious without such a cost-effectiveness analysis [73]. 

Cost-benefit analysis defines the outcomes of programs in 
monetary units (such as dollars); programs are compared by 
subtracting the incremental costs from the incremental ben- 
efits and calculating a net cost for one program over another. 
This technique is not straightforward, because natural units, 
such as years of life gained, must be valued in dollars. Wide 
disagreements exist among health professionals, actuaries, 
economists, and lawyers over the monetary value of a year 
of life. 

The few reported studies of screening mammography have 
focused on either cost identification or cost-effectiveness [72- 
80]. The outcomes of screening mammography have been 
defined by several large screening trials in the United States, 
Sweden, the Netherlands, the United Kingdom, and Canada 
[1, 2]. 

Cost identification and definition of the outcome are nec- 
essary at all levels of analysis. Cost identification includes the 
charges for the screening mammograms plus incurred 
charges for screening-induced procedures such as additional 
mammograms, sonography, fine-needle aspiration cytology, 
physical examination, and biopsies. Although the cost per 
mammogram is important, it does not reflect total cost per 
cancer detected [74, 75, 78]. Variations in cost identification 
may be related either to differences in underlying cost as- 
sumptions and their measurement or to differences in practice 
patterns of screening programs. For example, if the recall rate 
for additional mammography (or the biopsy rate) of one pro- 
gram is different from that of another program, the costs 
identified for each will be different. Differences in practice 
patterns and costs exist within the United States and between 
Europe and the United States for several reasons: variations 
in health care use and expenditures, reimbursement differ- 
ences, differences in expectations of women and physicians, 
malpractice trends, and local practice standards; cost-effec- 
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tiveness analyses therefore vary widely. For example, the 
reported cost per year of life gained because of screening 
varies from $1333 to $44,000 [70, 72-80]; the reported cost 
per cancer found varies from $7000 to $25,000. 

In order to put these costs in perspective, they must be 
compared with the costs of other health outcomes. For ex- 
ample, the cost-effectiveness of adjuvant chemotherapy in 
women with node-negative breast cancer has been recently 
reported at $15,400 per quality-adjusted year of life gained 
(QALY) in 45-year-old women and $18,800 per QALY in 60- 
year-old women [81]. Other types of care with costs per 
QALY ranging from $10,000 to $25,000 include hemodialysis 
for end-stage renal disease, treatment of three-vessel coro- 
nary artery disease, bone-marrow transplantation for acute 
lymphocytic leukemia, and treatment of hypertension 
[82-85]. 

Practical use of cost-effectiveness studies is currently dif- 
ficult. Calculated cost-effectiveness values are useful only in 
creating a rank-order list for setting funding priorities across 
programs that are competing for scarce resources [69]. Each 
individual calculation has little meaning by itself; it must be 
compared with values associated with other programs. How- 
ever, few programs can be accurately compared, because 
each uses unique methods in its evaluation. Moreover, indi- 
vidual clinicians dealing with individual patients may have little 
use for such analyses. Individual physicians are generally not 
concerned with the overall net health benefit derived from a 
fixed budget [69]; they are concerned with the welfare of their 
patients. Many physicians recoil at the choices implied from 
population-based studies on the rationing of scarce re- 
sources. 

For future cost-effectiveness studies to be translated to 
widespread clinical practice, standards of practice patterns 
and cost-effectiveness methods must be defined and docu- 
mented. Only then can mass screening programs claim to 
meet a specific cost-effectiveness value. For these reasons, 
audits of practice patterns will probably play an integral part 
in documenting future cost-effectiveness of screening mam- 
mography. 
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The Frequency and Significance 
of Small (<15 mm) Hepatic 
Lesions Detected by CT 





Elizabeth C. Jones! The purpose of our study was to determine the frequency of detection of small hepatic 
Judith L. Chezmar lesions (<15 mm) in outpatients who had abdominal CT and to assess the significance 
Rendon C. Nelson of these lesions in the presence or absence of known malignant tumors. Contrast- 

Michael E. Bernardino enhanced abdominal CT scans in 1454 patients were reviewed. In 254 patients (17%), 
hepatic lesions 15 mm or smaller were detected. In 51% of these patients, lesions were 
judged benign on the basis of other imaging studies, biopsy results, or stability for at 
least 6 months as shown by CT. Lesions were judged malignant on the basis of 
progression seen on radiologic studies or biopsy in 22%. The other 27% of the patients 
had lesions that could not be classified. The majority of patients with small hepatic 
lesions (82%) were known to have a malignant tumor; in 51% of these patients, lesions 
were diagnosed as benign. No patient without a known malignant tumor had a small 
hepatic lesion that was determined to be malignant. Multiple small lesions were more 
likely to represent malignant disease than were single small lesions. 

We conclude that small hepatic lesions are common (seen in 17% of our patients), 
and that there is a high probability that hepatic lesions smaller than 15 mm are benign, 
even in patients known to have an extrahepatic malignant tumor. 


AJR 158:535-539, March 1992 


Advances in hepatic imaging, including high-resolution CT, CT during arterial 
portography, and MR imaging, have resulted in increased detection of small (<15 
mm) lesions in the liver [1]. Refinements in CT techniques, including the use of 5- 
mm collimation, may further increase detection of small lesions. These lesions 
could be benign entities, such as congenital hepatic cysts (prevalence, 2.5-7.0% ) 
or hemangiomas (7.3-20.0%) [2-4]. Alternatively, these lesions could be malignant. 
If the patient has no known malignant neoplasm, these small hepatic lesions usually 
cause little clinical concern. However, if it is known that the patient has a malignant 
tumor, further diagnostic studies to determine the nature of these lesions may be 
necessary, because the presence of hepatic metastases often radically alters 
prognosis and therapy. 

The purpose of this study was to determine the frequency of detection of small 
lesions in an outpatient population having routine CT scanning and to determine 
the significance of such a finding in the presence or absence of known extrahepatic 
malignant neoplasm. Although each case requires an individual approach, guidelines 

Received July 22, 1991; accepted after revision as to the frequency with which solitary or multiple small lesions are malignant would 
October 16, 1991. be helpful in weighing the risks and benefits of conservative management, histologic 


Presented at the annual meeting of the American confirmation with percutaneous biopsy, or treatment. 
Roentgen Ray Society, Boston, MA, May 1991. 
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to J. L. Chezmar. Contrast-enhanced abdominal CT scans obtained in 1454 consecutive outpatients over a 
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(Philips Medical Systems, Shelton, CT) scanner. All patients received 
a bolus IV injection of 150 ml of contrast medium (diatrizoate meg- 
lumine 60%, Hypaque-60, Winthrop Pharmaceuticals, New York), 
and dynamic, incremental, contiguous 10-mm transaxial sections 
were scanned. 

The majority of patients (82%) were referred for abdominal CT 
screening because of a history of an extrahepatic malignant tumor or 
previous known hepatic metastatic disease. The types of known 
malignant tumors were distributed as follows: breast, 22%; colorectal, 
19%; renal cell, 10%; melanoma, 10%; lung, 9%; gastrointestinal 
malignancies (excluding colorectal), 9%; lymphoma, 8%; gynecologic, 
5%; genitourinary (excluding renal cell), 5%; thyroid carcinoma, 1%; 
sarcomas, 1%; and miscellaneous, 1%. 

Indications in the other patients (18%) were disease of the hepa- 
tobiliary system (20%); inflammatory or other benign disease of the 
gastrointestinal tract (10%), urinary tract (10%), or gynecologic or- 
gans (15%); to search for occult malignancy (10%); abdominal pain 
(10%); and miscellaneous (25%). 

Patients in whom one or more small hypodense hepatic lesions 
were found were selected for study. The presence of larger hepatic 
lesions, in addition to the small lesion(s), did not exclude a patient 
from the study. In these patients, all previous and subsequent CT 
scans were reviewed for the presence, size, and number of small 
lesions and the presence of additional lesions larger than 15 mm. 
Baseline size and number of hepatic lesions were determined from 
the findings on the earliest CT scan on which lesions were detected. 
All other imaging studies performed in these patients, including MR, 
sonography, and *°"Tc-labeled RBC single-photon emission com- 
puted tomography (SPECT), were also reviewed. 

Study patients were subdivided into three groups according to the 
number of small lesions detected: one lesion, two to four lesions, and 
five or more lesions. 

Lesions were judged to be benign on the basis of histologic 
findings, confirmatory imaging studies (MR, sonography, or °"Tc- 
labeled RBC SPECT), or stability for at least 6 months. Lesions were 
judged to be malignant on the basis of biopsy results or an increase 
in size and number on follow-up scans. Lesions that did not meet 
either of these criteria were classified as indeterminate. Patients with 
multiple lesions were classified as having malignant disease if any 
one of their lesions fulfilled the criteria for a malignant lesion. 


TABLE 1: Classification of Hepatic Lesions 


AJR:158, March 1992 


Results 


Hepatic lesions 15 mm or smaller were identified in 254 
(17%) of the 1454 CT examinations reviewed. Overall, 129 
patients (51%) were determined to have small hepatic lesions 
that represented benign disease (Table 1). In 16 patients (6%) 
the lesions were confirmed as benign on the basis of other 
imaging studies (11 hepatic cysts, three hemangiomas) (Fig. 
1) or the results of percutaneous biopsy (two hemangiomas). 
Thirty-three patients (13%) had lesions that were stable on 
follow-up studies for at least 6 but not more than 12 months 
after the lesions were first detected. In an additional 80 
patients (82%), CT follow-up of at least 12 months confirmed 
the stability of the lesions (Fig. 2). Mean length of follow-up 
in this group was 28.5 months. Lesions were considered 
malignant on the basis of histologic proof or progression of 
disease as shown on follow-up CT in 55 patients (22%) (Fig. 
3). In 70 patients (27%), the lesions were classified as inde- 
terminate. 


Patients with Known Malignant Tumors 


Of the 254 patients with small lesions, 209 (82%) had a 
history of extrahepatic malignant tumors. In this subgroup, 
eight patients (4%) had lesions confirmed as benign on the 
basis of biopsy or additional imaging studies. Ninety-nine 
patients (47%) had no change in the size of the small lesions 
on follow-up CT. Of these 99 patients, 29 (14%) had hepatic 
lesions that were stable for at least 6 but less than 12 months, 
and 70 (33%) had lesions that were stable for 12 months or 
longer as shown on CT. Overall, 51% of the patients with a 
history of cancer probably had small hepatic lesions that were 
benign. Fifty-five patients (26%) had lesions that were deter- 
mined to be malignant on the basis of histologic findings or 
progression in lesion size or number or both as shown on 
follow-up CT. In this subgroup, lesions in 47 patients (23%) 
were Classified as indeterminate. 





No. of Patients (%) 


With Known 
Lesion Classification With Small Malatant With No Known 
Lesions Wences Malignant Neo- 
(n = 254) (n P309) plasm (n = 45) 
Benign 
Histologic or imaging findings (MR, 16 (6) 8 (4) 8 (18) 
sonography, *"""Tc-labeled 
RBC SPECT) 
Stability on follow-up (mo) 
6-12 33 (13) 29 (14) 4 (9) 
>12 80 (32) 70 (33) 10 (22) 
Total 129 (51) 107 (51) 22 (49) 
Malignant 
Histology or progression as shown 55 (22) 55 (26) 0 
on CT 
Indeterminate 
No follow-up or follow-up <6 mo 70 (27) 47 (23) 23 (51) 





Note.—SPECT = single-photon emission computed tomography. 
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Fig. 1.—Small hepatic hemangioma. 

A, CT scan shows single hypodense 
lesion (arrow) in lateral segment of left 
hepatic lobe. 

B, T2-weighted spin-echo MR image 
(2000/150 [TR/TE]) shows well-cir- 
cumscribed, homogeneous, high-sig- 
nal-intensity lesion consistent with he- 
patic hemangioma. 





Fig. 2.—A and B, CT scans obtained 
initially (A) and 1 year later (B) show 
stability of single lesion (arrows) in lat- 
eral segment of left hepatic lobe. 





Fig. 3.—A, Initial CT scan shows sin- 
gle small lesion (arrow). 

B, Follow-up CT scan obtained 1 
year after A shows progression in size 
and number of lesions, consistent with 
progression of metastatic disease. 
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Patients with Known Malignant Tumors and a Single Small 
Hepatic Lesion 


Of particular interest were the 86 patients with known 
malignancy and only one small lesion. In six of these patients, 
lesions were confirmed as benign on the basis of biopsy 
results or other imaging studies. Thirty-four patients had small 
lesions that were stable for more than 12 months, and 16 
had lesions that were stable for more than 6 but less than 12 
months. If these groups are combined, 65% of the patients 
with known malignant tumor and only one small lesion prob- 
ably had benign hepatic lesions. These single small lesions 
were diagnosed as malignant on the basis of histologic find- 
ings or progression as shown on CT in only four patients 
(5%). Lesions were judged indeterminate in 26 patients (30%) 
in this group (Fig. 3). 


Patients with Known Malignant Tumors and Two to Four 
Small Hepatic Lesions 


In the 74 patients with a known malignant neoplasm and 
two to four small lesions, two (8%) had lesions that were 
benign on imaging studies. Ten patients (14%) had lesions 
that were stable for at least 6 months as shown on CT, and 
32 (43%) had lesions that were stable for at least 12 months 
as shown by CT. If these groups are combined, 44 (59%) of 
these patients probably had benign lesions. Fourteen (19%) 
of these 74 patients probably had malignant lesions, as indi- 
cated by progression in lesion size. Lesions were classified 
as indeterminate in the remaining 16 patients (22%). 


Patients with Known Malignant Tumors and Five or More 
Small Hepatic Lesions 


Conversely, of the 49 patients with a known malignant 
neoplasm and five or more small lesions, only seven patients 
(14%) had lesions that were stable for at least 6 months as 
shown on CT, five patients (10%) had no follow-up, and the 
remaining 37 (76%) had progression of disease (Fig. 4). 


Patients with Concomitant Large Lesion(s) 


In general, the presence of one or more large lesions 
increased the probability of any small lesion or lesions being 
malignant. However, most of the cases in which small lesions 
proved malignant were in the group of patients with five or 
more small lesions, or to a lesser extent in the group with 
two to four small lesions. The presence of a larger lesion had 
little effect on outcome in the patients who had only one small 
lesion. Eleven of the 86 patients with only one small lesion 
had one or more associated large lesions, but none of these 
patients showed progression in the size of the small lesion. 
In the group with two to four small lesions, the presence of 
large lesions was associated with an increased probability of 
the small lesions being malignant. Eleven of the 74 patients 
in this group had concomitant large lesions, and, of these, 
seven had small lesions that showed progression on CT. In 
the group of 49 patients with five or more small lesions, 32 
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Fig. 4.—Graph shows percentage of patients with benign, malignant, or 
unknown small hepatic lesions, categorized according to number of small 
hepatic lesions detected. 


patients (65%) had one or more large lesions as well; all of 
these patients had progression in one or more of their small 
lesions, consistent with a malignant tumor. Of the 17 patients 
in the group with five or more small lesions that did not have 
an associated large lesion, seven patients had lesions that 
were stable on follow-up, five had lesions that progressed, 
and five had lesions that were classified as indeterminate. 


Patients Without Known Malignant Tumors and Hepatic 
Lesions 


Of the 45 patients with small hepatic lesions and no history 
of malignancy, eight (18%) had benign lesions as shown by 
other imaging studies and 14 (31%) had stable lesions as 
shown by follow-up CT. In no patient in this group was a 
lesion diagnosed as malignant, regardless of the number of 
lesions present. No patient in this group had percutaneous 
biopsy, however, and the remaining 23 patients (51%) in 
this group had either no follow-up or less than 6 months of 
follow-up. 


Discussion 


Recent advances in imaging techniques have led to the 
detection of an increasing number of small hepatic lesions [5- 
7]. The detection of lesions of this size is a problem for both 
Clinicians and radiologists because the significance of these 
lesions is unknown. Many questions arise after their detection. 
Are they malignant or benign? Should biopsy be attempted? 
In some cases, the lesions can be diagnosed as benign by 
other imaging studies, such as MR imaging, °°"Tc-labeled 
RBC SPECT, or sonography. Unfortunately, our current im- 
aging techniques do not always permit characterization of 
very small lesions. Similarly, biopsy to obtain histologic proof 
may be technically difficult owing to the small size and multi- 
plicity of lesions. 

Our results indicate that a significant proportion of these 
lesions are benign, even in patients with a known extrahepatic 
malignant neoplasm. Single small lesions were benign in 65% 
of patients in our study, and, even when two to four small 
lesions were present, the lesions were benign in 59% of 
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patients. As the number of lesions increased, or in the pres- 
ence of an additional large lesion, the chance of malignancy 
increased. In no patient with a large lesion and single small 
lesion was progression of the small lesion seen on CT. We 
suggest that in patients with hepatic metastases being con- 
sidered for hepatic resection in whom a lesion smaller than 
15 mm is present, the nature of the small lesion be determined 
if it is in a location that would exclude the patient as a 
candidate for resection. 

The study has several limitations, the foremost being the 
lack of pathologic proof in the majority of patients. Results of 
imaging studies or stability with time as shown by CT was 
the basis for confirming a lesion as benign. Most of the 
patients did not have biopsy, as the risks and technical 
limitations were judged to outweigh the potential benefits. In 
only three patients could biopsies be done of all the small 
lesions present. In patients who had biopsy of one small 
lesion only, the nature of all small lesions present was not 
proved. Similarly, in those patients with multiple lesions, pro- 
gression of a single lesion placed the lesion in the malignant 
category, but the nature of the additional lesions could not 
always be determined. 

We acknowledge that some of the patients with known 
cancer whose hepatic lesions were stable as shown by CT 
follow-up at 6 months may have stable or slow-growing 
metastases. Six (21%) of the 29 patients with a known 
malignant tumor and stability for more than 6 but less than 
12 months had had interval chemotherapeutic or immuno- 
therapeutic treatment, which may have contributed to appar- 
ent stability. This may result in overestimation of the number 
of benign lesions. However, even if all patients with less than 
12 months of follow-up are excluded from the benign group, 
38% of all patients and 37% of patients with a known malig- 
nant tumor would still be classified as having benign disease. 

The study is also somewhat limited by technical variations 
between scans. The entrance studies were selected to include 
only patients who had been given a bolus of IV contrast 
material. However, because of clinical circumstances, it could 
not be guaranteed that identical doses, volumes, rates, or 
contrast agents were used on previous or subsequent studies 
in each patient. These differences could result in less sensitive 
comparison CT study. The subgroup affected by this limitation 
comprises those who were classified as having stable disease 
but may actually have had undetected new lesions or those 
in whom an increase in lesion size was not detected. How- 
ever, in patients with cancer in whom lesions were classified 
as stable on the basis of CT, significant technical variations 
between studies were found for only eight of 99 patients. 
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Other technical limitations that may account for missed 
lesions include volume averaging or slight differences in slice 
location or respiratory excursion. When adequate technique 
was used and small lesions were not repeatedly visualized, 
they could probably be considered stable; they definitely had 
not enlarged. 

We did not attempt to characterize the lesions by margin 
or density, as these methods are plagued by partial-volume 
effects in lesions of this small size [8]. 

In conclusion, we have shown that the presence of small 
hepatic lesions in patients with a known malignant tumor does 
not necessarily imply metastatic disease. On the contrary, 
hepatic lesions 15 mm and smaller were benign in approxi- 
mately half the patients with cancer in our study population. 
Our finding that a single small lesion in the presence of a 
second larger lesion was likely to represent benign disease 
should also be considered before excluding a patient from 
hepatic resection on this basis. 

In addition, patients with small hepatic lesions and no 
known extrahepatic malignant neoplasm were unlikely to have 
occult malignant hepatic disease. Although this group was 
small, our results suggest these patients should probably 
have follow-up with CT or other confirmatory imaging studies 
rather than invasive diagnostic procedures. 
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Videotape Review 





RSNA Today Video, Vol. 5, No. 3. Oak Brook, IL: The Radiological Society of North America, 1991. $55; by 
subscription, 6 issues annually at $185 for RSNA members and $225 for nonmembers (VHS videotape) 


This volume of RSNA Today Video consists of three segments 
introduced by Irvin |. Kricheff. In the first, “Preoperative Hepatic 
Imaging for Lesion Detection” is presented by Patrick C. Freeney. An 
interesting prospective study was performed in 31 patients with either 
hepatocellular carcinoma or metastatic colon carcinoma who were 
examined before resection by using multiple imaging techniques. All 
had follow-up CT scans. The imaging techniques used and compared 
were dynamic bolus CT, hepatic angiography, CT angiography and 
angioportography, delayed CT scanning with iodinated contrast ma- 
terial, and MR imaging. The sensitivities and positive predictive values 
of these examinations are presented, as are those of various combi- 
nations of these procedures. Close follow-up CT scans were used to 
evaluate potential false-negatives and the efficacy of the various 
techniques in relationship to the size of the lesions detected. Not 
surprisingly, it was learned that as sensitivity increased, so did the 
rate of false-positives. The causes of false-positives, such as cysts 
and hemangiomas, are discussed as is the conclusive recommended 
imaging algorithm for preoperative patients. Although some of the 
newer pulse sequences and gadolinium enhancement were not used, 
it was concluded that MR is not useful in the routine workup of these 
patients, both because of its relatively poor statistics and because of 
the advantages of CT in discovering other lesions outside the liver. 
Although the number of patients in this study was small and the 
Statistical analysis slightly cumbersome, the information gained by 
detailed evaluation of liver specimens is useful for substantiating 
imaging findings. 

In the second section, Joseph J. Bookstein discusses the diagnosis 
and treatment of impotence. This segment is a rather elegant and 
esoteric discussion of radiologic evaluation and intervention of penile 


dysfunction. Erection anatomy and physiology are described, as are 
techniques and expected findings with penile vascular catheterization, 
pharmacocavernosometry, transcatheter venous ablation, and trans- 
luminal angioplasty. Interesting and appropriate examples are pre- 
sented from a study of 43 patients, about half of whom responded 
to intervention. Recurrent atherosclerotic disease is described as a 
problem that influences the ideal long-term results with angioplasty. 
Although it is likely that most radiologists are not treating impotence, 
interventionalists may find this presentation interesting and may be 
challenged to attempt treatment of this common disorder. 

In the third segment, Lawrence R. Goodman presents “Critical 
Care Chest Radiology.” By necessity, Dr. Goodman limits his discus- 
sion of this vast topic to three major subjects: aspiration, atelectasis, 
and nosocomial infections. He points out that the results of aspiration 
can vary significantly, depending on the material aspirated (e.g., toxic 
fluids, bland material, or infected secretions). The timing of the plain 
film changes and some prognostic factors are discussed. Atelectasis 
is, Of course, the most frequent finding on chest films of patients in 
the intensive care unit. The various causes are discussed, as are 
findings that may help predict which patient will respond to broncho- 
scopic therapy. Lastly, the definition, prevalence, mortality, causes, 
and potential for overdiagnosis of nosocomial lung infections in pa- 
tients in the intensive care unit are discussed. The segment includes 
illustrative examples of plain chest films that should be useful to 
general radiologists who likely interpret chest radiographs of patients 
who are in the intensive care unit. 


Hano A. Siegel 
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Color Doppler Sonography of 
Hepatocellular Carcinoma Before 
and After Treatment by 
Transcatheter Arterial 
Embolization 





Color Doppler sonographic findings on 38 lesions in 31 patients who had primary 
hepatocellular carcinoma were evaluated before and after transcatheter arterial embo- 
lization and compared with dynamic CT and hepatic arteriographic findings. All lesions 
that were observed with dynamic CT or arteriography were correctly identified on color 
Doppler sonography. Peritumoral pulsatile flow was the predominant color Doppler flow 
seen in all lesions. Mixed pulsatile and continuous flow were noted in larger tumors and 
in tumors with a higher degree of vascularity, as determined by arteriography. Two 
weeks after treatment, color Doppler flow was still identified in 18 lesions (47%), 
corresponding to dynamic CT or arteriographic findings documenting residual tumor. 
Histopathologic examination, performed in 10 other lesions, showed that the tumor was 
completely necrotic in five. These five necrotic tumors were not visible on color Doppler 
flow images after treatment. Viable tumor was observed in the five remaining lesions, 
all of which were shown on color Doppler flow images after treatment. During the 6- to 
16-month follow-up period, color Doppler flow images showed recurrence of 13 (50%) 
of 26 lesions, corresponding to tumor recurrence as shown by CT and arteriography. 

We conclude that color Doppler sonography is useful for imaging hepatocellular 
carcinoma, for evaluating residual tumor after treatment, and for imaging tumor recur- 
rence during follow-up. 
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Hepatocellular carcinoma (HCC) is the seventh most common form of cancer in 
men and the ninth in women worldwide [1]. Transcatheter arterial embolization 
(TAE) is a widely used and effective means of treating HCC [2-5]. However, it is 
almost impossible to achieve complete necrosis of the tumor with embolization of 
the hepatic artery alone [6-8], and the tumor frequently recurs [5]. The usefulness 
of arteriography and CT in evaluating the efficacy of TAE in such patients has been 
reported [6]. Arteriography, however, is an invasive procedure, and both arteriog- 
raphy and CT require the use of contrast material. 

Recent advances in Doppler imaging techniques have allowed the visualization 
of blood flow and assessment of local hemodynamics in superficial organs and 
vessels. These include the thyroid gland [9], neonatal brain [10, 11], and testes 
[12], as well as superficial vessels, such as the carotid bifurcation [13] and femoral 
artery [14]. Color Doppler sonography has also been used for evaluating hepatic 
tumors [15, 16]. The value of color Doppler sonography in evaluating the effects 
of TAE on HCC and on documenting tumor recurrence during the follow-up period 
has not been established. We designed a study to compare color Doppler sonog- 
raphy with arteriography and dynamic CT in the evaluation of patients with HCC 
before and after TAE. 


Materials and Methods 


Between October 1989 and April 1991, 31 patients with 38 lesions of HCC were treated 
at our institution. Twenty-three of the patients were men and eight were women, ranging in 
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age from 53 to 77 years (mean, 61 years). The patients had been 
examined previously with sonography and unenhanced and contrast- 
enhanced CT, and by measurement of serum alpha-fetoprotein (AFP) 
levels. Requirements for this study were that the lesions have a 
diameter of more than 2.0 cm and that they be detectable by 
sonography and CT. Lesions smaller than 2.0 cm in diameter were 
excluded from this study, because the assessment of vascularity with 
CT and arteriography was generally difficult in lesions of this size. All 
patients had cirrhosis of the liver. Five patients (16%) tested positive 
for hepatitis B surface antigen, and among the remaining patients, 
non-A, non-B hepatitis was the likely causative factor. According to 
the Child classification, 21 were in class A and 10 were in class B. 
Diagnosis of HCC was made by pathologic examination of biopsy, 
resected, or autopsy specimens in all patients. AFP levels were 
normal in six patients (<5 ng/ml), slightly increased in 11 (5-99 ng/ 
ml), and markedly increased in 14 (>100 ng/ml). 

Before TAE, each patient had color Doppler sonography, dynamic 
CT, and selective hepatic arteriography. The criteria for evaluating 
the tumor vascularity were the presence of an abnormal flow pattern 
on color Doppler sonography, the presence of high attenuation areas 
on dynamic CT, and the presence of tumor vessels and tumor staining 
on arteriography. Color Doppler sonographic studies were compared 
prospectively with dynamic CT and arteriographic studies. 

All color Doppler sonographic examinations were performed with 
a QAD1 angiodynograph, a Quantum 2000 (Quantum Medical Sys- 
tems, Issaquah, WA) with a 5.0-MHz linear array or a 3.0-MHz and a 
5.0-MHz convex probe, and/or an SSA-270A color Doppler sonog- 
raphy unit (Toshiba, Tokyo, Japan) with either a 3.5-MHz sector or a 
3.5-MHz convex probe. In all examinations, color assignment was 
chosen so that flow toward the transducer was red and flow away 
from the transducer was blue. Threshold levels were set so as to 
optimize sensitivity without producing excessive system noise. Ex- 
aminations were performed with a variety of flow settings, depending 
on the underlying flow velocities. The examinations were recorded 
digitally on videotape and were subsequently reviewed on a frame- 
by-frame basis with a cine loop. The examinations included real-time 
color images of the lesion, followed by point-spectral analysis and 
velocity calculation from multiple peritumoral and intratumoral arteries 
and veins. The velocity measurements were obtained at peak systole 
and end diastole after correction for the angle of insonation. Resistive 
indexes (systolic velocity minus diastolic velocity/systolic velocity) 
were calculated for the arteries supplying the tumor. 

CT was performed on a Siemens Somatom 2 (Iselin, NJ) or a GE 
9800 (General Electric, Milwaukee, WI) scanner, with 8-mm contig- 
uous sections obtained at 10-mm intervals. Dynamic study was 
performed after bolus administration of 50 ml of contrast material. 

We performed TAE by selectively introducing a catheter into the 
hepatic artery and injecting a mixture of an iodized oil (Lipiodol: 
Guerbet, Aulnay-sous-bois, France) and a chemotherapeutic drug, 
doxorubicin hydrochloride (Adriamycin; Adria Laboratories, Dublin, 
OH), together with a gelatin sponge (1 x 1 x 2 mm) (Gelfoam, Upjohn, 
Kalamazoo, MI). Doxorubicin hydrochloride (0.6-1.0 mg/kg body wt, 
30-60 mg) was dissolved in 2-4 ml of Urografin (60% diatrizoate 
sodium meglumine) and then mixed with 4-8 ml of the iodized oil in 
a 2:1 ratio (iodized oil/doxorubicin solution). 

Two weeks after TAE, the therapeutic effect was assessed with 
color Doppler sonography and CT and by measurement of the serum 
AFP level in all patients. Arteriography was performed in 14 lesions 
in which residual tumor was identified on the basis of the presence 
of an abnormal flow pattern on color Doppler sonography, the pres- 
ence of contrast-enhanced areas on dynamic CT, or persistently 
elevated AFP. If one or more findings of residual tumor were obtained, 
treatment was continued with TAE (four patients) or intratumoral 
percutaneous injection of ethanol (eight patients), followed by color 
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Doppler sonography, CT, measurement of serum AFP level, and/or 
arteriography. 

Percutaneous ethanol injection was administered under sono- 
graphic guidance [17]. After positioning the needle within the lesion, 
99.5% ethyl alcohol was slowly injected until the lesion was com- 
pletely filled. Six to 12 injections were administered at a rate of one 
injection twice a week. 

Six patients who had solitary lesions had segmentectomy after 
treatment and two patients who had multiple lesions died about 1-3 
months after the treatment and were examined postmortem. Twenty- 
three patients with 28 lesions did not have surgical resection because 
of severe liver failure in 16, another type of disease in one, advanced 
age in four, and refusal of surgery by two. 

Posttreatment follow-up included color Doppler sonograms, CT 
scans, and measurement of serum AFP every 3 months. Follow-up 
arteriography also was performed every 6 months. If tumor recurred 
during the follow-up period, the treatment was repeated. All exami- 
nations were interpreted independently and then together to deter- 
mine the accuracy of the color Doppler sonography. Informed consent 
was obtained from all patients or their relatives. 

Data are expressed as mean + SE. For statistical analysis, analysis 
of variance (ANOVA) followed by Student’s t test were used. Rela- 
tionships between categoric variables were analyzed by chi-squared 
test. 


Results 


Color Doppler flow images of the lesions fell into four 
patterns, which differed with respect to the location of vessels 
and point-spectral analysis. The patterns included (1) peritu- 
moral pulsatile flow visualized in the periphery of the tumor 
(Fig. 1), corresponding to the arteriographic finding of a feed- 
ing artery within or near the tumor capsule; (2) intratumoral 
pulsatile flow visualized in the central area of the tumor (Fig. 
2), corresponding to the arteriographic finding of an artery 
that ran within the tumor; (3) peritumoral continuous flow, 
visualized in the periphery of the tumor (Fig. 3A), that was 
not identified by arteriography; and (4) intratumoral continu- 
ous flow, visualized in the central area of the tumor (Fig. 3B), 
that was not identified by arteriography. 

Color Doppler imaging showed flow in 35 (92%) of 38 
lesions. The color Doppler flow patterns of 22 (58%) of 38 
lesions overlapped. The combinations of these patterns fell 
into four groups (Table 1): (1) peritumoral pulsatile flow (PP), 
(2) peritumoral and intratumoral pulsatile flow (PP + IP), (3) 
peritumoral pulsatile flow and peritumoral continuous flow (PP 
+ PC), and (4) peritumoral and intratumoral pulsatile flow and 
peritumoral and/or intratumoral continuous flow (PP + IP + 
PC/IC). Peritumoral pulsatile flow was identified as the most 
dominant pattern in small (<3 cm in diameter) lesions of HCC. 
In large (>3 cm in diameter) lesions of HCC, combined pat- 
terns of color Doppler flow predominated. When the tumor 
size obtained by sonography and CT was divided into three 
categories (<3 cm, 3-5 cm, >5 cm in diameter), significant 
differences were observed among color flow pattern groups 
with increasing tumor size (p < .01, chi-squared test). Tumor 
sizes of combined pattern groups were significantly larger 
than those of the single pattern (PP) group (Table 1). Among 
combined pattern groups, tumor size of the group PP + IP + 
PC/IC was significantly larger than that of the group PP + IP 
(p < .05) and of group PP + PC (p < .05). In 13 lesions with 
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Fig. 1.—Peritumoral pulsatile flow in hepato- 
cellular carcinoma. 

A, Color Doppler sonogram and velocity wave- 
form of peritumoral pulsatile flow. Vessel is iden- 
tified on real-time image, and cursor is placed 
over region of interest. Arrowheads show margin 
of lesion. 

B, Hepatic angiogram shows surrounding 
feeding artery in peripheral area of tumor (ar- 
rows). 


Fig. 2.—Intratumoral pulsatile flow in hepato- 
cellular carcinoma before and after transcatheter 
arterial embolization. 

A, Color Doppler sonogram and velocity wave- 
form of intratumoral pulsatile flow. Color Doppler 
flow was seen in septum within tumor. Arrow- 
heads show margin of lesion. 

B, Hepatic angiogram shows feeding artery in 
central area of tumor (arrows). 

C, After transcatheter arterial embolization, 
lesion is smaller and no color Doppler flow is 
observed (compare with Fig. 2A). Arrowheads 
show margin of lesion. 

D, On angiogram obtained after treatment, 
hypervascular tumor is no longer visualized 
(compare with Fig. 2B). 








TABLE 1: Relationship Between Flow on Color Doppler Imaging 
and Tumor Size in 38 Lesions of Hepatocellular Carcinoma 








Total No. of Lesion Size 
FOW Lesions (%) (mean + SE) 
PP 13 (34) 3.0 0:2 
PP + IP 12 (32) 4. + 0.5° 
PP + PC 5 (13) 4.3+0.8° 
PP + IP + PC/IC 5 (13) Te EUU 
None _3 (8) 28 203 
Total 38 Ess 
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Note.—PP = peritumoral pulsatile flow, IP = intratumoral pulsatile flow, PC 
= peritumoral continuous flow, IC = intratumoral continuous flow. Data are the 
mean + SE. 

*p < .01 (vs group PP). 

°? p < .05 (vs group PP). 

°p < .05 (vs group PP + IP). 

° p < .05 (vs group PP + PC). 


a single pattern of flow (PP), early enhancement was observed 
in 10 (77%) lesions on dynamic CT. In 22 lesions with com- 
bined patterns of flow, early enhancement was observed in 
21 (95%) lesions. 

When the degree of vascularity seen at arteriography was 
divided into three categories (low vascularity, moderate vas- 
cularity, or high vascularity), 13 lesions with a single pattern 
of flow (PP) showed the following degrees of vascularity: one 
(8%) had low vascularity; 11 (85%) had moderate vascularity; 
and one (8%) had high vascularity. In 22 lesions with com- 
bined patterns of flow, one (5%) had low vascularity, eight 
(36%) had moderate vascularity, and 13 (59%) had high 
vascularity. Lesions with combined patterns of flow had a 
higher degree of vascularity on angiography than did lesions 
with a single pattern of flow (p < .01, chi-squared test). In 10 
lesions with continuous color flow (group PP + PC and group 
PP + IP + PC/IC), five had arteriographically apparent arter- 
ioportal shunts. Color Doppler sonography visualized all le- 
sions that were seen on dynamic CT or arteriography and 
was more sensitive than dynamic CT or arteriography (Table 


Fig. 3.—Continuous flow in hepatocellular 
carcinoma. 

A, Color Doppler sonogram and velocity wave- 
form of peritumoral continuous flow. Arrowheads 
show margin of lesion. 

B, Color Doppler sonogram and velocity wave- 
form of intratumoral continuous flow. Arrow- 
heads show margin of lesion. 


2). In the three lesions not shown on color flow images, no 
evidence of early enhancement on dynamic CT or tumor 
vascularity on arteriography was observed. 

One day after TAE was performed, the color Doppler flow 
was absent in all previously seen lesions. However, 2 weeks 
after TAE, color Doppler flow was identified in 18 lesions 
(47%). In the 13 lesions with a single pattern of flow (PP) 
before TAE, residual color flow was visible in four (31%) after 
TAE. Among the 22 lesions with combined patterns of flow 
before TAE, residual color flows were visible after TAE in five 
(42%) of 12 lesions with PP + IP, four (80%) of five lesions 
with PP + PC, and all of the five lesions with PP + IP + PC/ 
IC. Peritumoral pulsatile flow was identified as the dominant 
pattern in most lesions visualized after TAE. However, in the 
lesions with continuous flow (group PP + PC and group PP 
+ IP + PC/IC), combined patterns of color Doppler flow 
predominated after TAE. In 18 lesions with residual color flow 
after TAE, waveform analysis of these color flow patterns 
was compared before and after TAE. Before TAE, the range 
of peak-systolic velocities and end-diastolic velocities in peri- 
tumoral pulsatile flow was 25-75 cm/sec (mean, 51 cm/sec) 
and 5-40 cm/sec (mean, 11 cm/sec), respectively. However, 
significantly decreased peak-systolic and end-diastolic veloc- 
ities were observed after the treatment (p < .01, p < .05, 
respectively). No differences were seen in resistive indexes 
calculated before and after TAE. 

Color Doppler sonographic findings obtained 2 weeks after 
TAE corresponded to dynamic CT or arteriographic findings 
showing residual HCC. Two weeks after TAE, CT showed 
the tumor as an area of markedly high density, caused by 
retention of the iodized oil, indicating effective embolization 
of the HCC. Residual low density on unenhanced CT, and 
contrast-enhanced areas within the lesions on dynamic CT 
were found in 14 of the 38 lesions, especially in large lesions. 
Among 18 lesions that were shown on color Doppler flow 
images 2 weeks after TAE, six (from four patients) were 
examined histopathologically. In the remaining 12 lesions, 
additional treatments (TAE or percutaneous ethanol injection) 


TABLE 2: Findings on Color Doppler Sonography, Dynamic CT, 
and Arteriography in 38 Lesions of Hepatocellular Carcinoma 
Before and After Treatment 





Tumor Vascularity 








p elase ate Dynamic CT* Arteriography* 
Before TAE 35/38 (92%) 31/38 (82%) 33/38 (87%) 
1 day after TAE 0/38 (0%) Not done Not done 
2 weeks after TAE 18/38 (47%) 14/38 (37%) 13/14° 
After retreatment® 2/12 2/12 2/10° 
Follow-up period® 
6 months 7/26 6/26 8/26 
12 months 6/15 6/15 8/15 





Note.—TAE = Transcatheter arterial embolization. 

a No. of positives/no. examined. 

> Arteriography was performed in four lesions in which color Doppler flow 
was seen but residual tumor was not shown by CT, and in 10 lesions in which 
both flow on color Doppler imaging and residual tumor on CT were seen. 

€ Among 18 lesions seen on color Doppler flow images 2 weeks after TAE, 
additional treatments (TAE for four lesions and percutaneous ethanol injection 
for eight lesions) were continued in 12 until the color Doppler flow findings 
disappeared, confirmed by dynamic CT and arteriography. 

4 In two lesions (two patients), arteriography was not performed because of 
patients’ refusal. 

e Ten lesions were later excised or examined postmortem, two patients (two 
lesions) died of recurrent hepatocellular carcinoma within 6 months of treat- 
ment, and the remaining 26 lesions were followed up during a 6- to 16-month 
period. 


were continued until they were not visible on color Doppler 
flow images. After treatment, two lesions (two patients) con- 
tinued to show abnormal color Doppler flow, corresponding 
to dynamic CT or arteriographic findings that showed residual 
HCC. These two patients died within 6 months of recurrent 
HCC. In the lesions not shown on color Doppler flow images, 
dynamic CT showed no contrast-enhancing areas within the 
lesions and angiograms showed that in the arterial phase 
tumor vessels were occluded and in the venous phase no 
tumor stain was observed (Figs. 2C and 2D). 

Six patients who had solitary lesions had segmentectomy 
after transcatheter therapy, and two patients with multiple 
lesions died and were autopsied about 1-3 months after the 
treatment. Among the six patients who had surgery, complete 
necrosis of the tumor was observed in four lesions and viable 
tumor cells were observed in the remaining two lesions (40% 
and 60% necrosis). In two patients with four lesions examined 
at autopsy, complete necrosis of the tumor was observed in 
one lesion and viable tumor cells were observed in the re- 
maining three lesions (40%, 80%, and 90% necrosis). Five 
lesions with complete necrosis showed no color Doppler flow, 
and CT and arteriography showed no evidence of residual 
tumor after treatment. Five lesions with viable tumor cells 
were visible on color Doppler flow images; CT showed resid- 
ual tumor in all lesions, and arteriography showed a residual 
vascularity in all three lesions assessed after treatment. 

During the 6- to 16-month (mean, 11.6 months) follow-up 
period, in the patients who did not subsequently have surgery, 
color Doppler sonography showed no abnormal color Doppler 
flow in 13 of the 26 treated lesions. None of these lesions 
has recurred. However, color Doppler flow images showed 
flow in seven of 26 lesions at 6 months and six of 15 lesions 
at 12 months after treatment, corresponding to dynamic CT 
and arteriographic findings, which showed tumor recurrence 
in almost all cases. Reemergence of abnormal color Doppler 


flow also corresponded with increasing levels of serum AFP. 
However, three recurring lesions were observed on arteriog- 
raphy but not on color Doppler sonography (one lesion at 6 
months and two lesions at 12 months). Hepatic arteriography 
showed multiple small collateral vessels in two lesions. In the 
remaining lesion, hepatic arteriography showed no tumor 
vessels or feeding artery, but tumor staining was observed. 


Discussion 


HCCs have characteristic vascular features that aid in their 
diagnosis. Dynamic CT and arteriography are useful in eval- 
uating HCC, but arteriography is invasive and both studies 
require administration of contrast material. Although gray- 
scale sonography has been used as a noninvasive means of 
showing hepatic tumor, it does not provide reliable information 
about the feeding artery and tumor vascularity. 

Recently, pulsed Doppler sonography has been used in the 
evaluation of HCC, including evaluation of the characteristic 
tumor vascular signals [18, 19]. Taylor et al. [18] reported 
that HCCs have high-flow velocities as a result of direct 
arteriovenous communications. In addition, Shimamoto et al. 
[15] noted that the intratumoral color flow image was a result 
of marked arteriovenous shunting in one case of HCC. There- 
fore, it has been thought that vascularity on a color flow image 
does not always correlate with vascularity assessed by arte- 
riography or dynamic CT, but rather that arteriovenous com- 
munications produce a velocity of flow that is within the 
threshold of color Doppler imaging. 

Recent developments and continuing refinement in color 
Doppler imaging techniques have made possible high-quality 
color Doppler sonography for showing blood flow and local 
hemodynamics in various organs [9-14, 16]. In this study, 
we Classified the color Doppler flow patterns of HCC into four 
patterns, which differed with respect to the location of vessels 
and point-spectral analysis. Pulsatile flow pattern conforms 
to low-resistance arterial flow, as seen with the hepatic artery. 
Therefore, peritumoral pulsatile flow showed a feeding artery 
surrounding the lesion, and intratumoral pulsatile flow showed 
an artery running through the septum of the tumor. Continu- 
ous flow has a vein pattern similar to portal vein flow. Arteri- 
ographically, the lesions with continuous flow had arterio- 
portal shunting or a hypervascular tumor blush. Therefore, 
peritumoral continuous flow may indicate a draining portal 
vein surrounding the lesion, and intratumoral continuous flow 
may indicate a draining portal vein running through the septum 
within the lesion, or it may be related to flow patterns from a 
hypervascular tumor blush. The disappearance of color Dop- 
pler flow after the TAE treatment also suggests that these 
abnormal color Doppler flow patterns are derived from the 
tumor vessels. In this study, we found that the predominant 
pattern of color Doppler flow was a peritumoral pulsatile flow, 
especially in small lesions. In lesions with increasing size or 
with an increased degree of vascularity, other patterns of 
color Doppler flow were superimposed on peritumoral pulsa- 
tile flow. Furthermore, we observed that peritumoral and 
intratumoral pulsatile flow were shown by arteriography, but 
that peritumoral and intratumoral continuous flow were not. 
This implies that color Doppler sonography is superior to 
arteriography for detecting flow with low velocity, such as a 
draining portal vein within or around the lesion. 

Tanaka et al. [16] reported that a “basket pattern” and a 
“vessel within the tumor” were characteristic color Doppler 
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flow imaging patterns of HCC. Peritumoral pulsatile flow 
corresponds to the “basket pattern,” and intratumoral pulsa- 
tile flow corresponds to the “vessel within the tumor.” Fur- 
thermore, we identified another pattern of color Doppler flow 
as continuous flow (peritumoral or intratumoral). In lesions 
that had continuous flow, the therapeutic effectiveness of 
TAE was poor. Survival of tumor cells after TAE may be 
related to the existence of arterioportal shunts, which were 
often observed in this type of lesion. Therefore, if this contin- 
uous flow pattern is visualized within the lesion, additional 
treatments may be required after TAE. 

Goldstein et al. [2] and Yamada et al. [5] reported that TAE 
was very effective in the treatment of HCC. Recently, TAE 
treatment combined with intraarterial infusion of chemother- 
apeutic agents mixed with iodized oil has been shown to give 
a higher survival rate than TAE alone [20]. However, complete 
cure of HCC by TAE alone or TAE combined with chemo- 
therapeutic agents cannot be expected. In many cases of 
HCC, a small part of the central tumor, a few invading tumor 
cells in the tumor capsule, or small intrahepatic metastases 
remain viable after TAE [6]. Histopathologic studies in re- 
sected HCC after TAE showed that complete necrosis was 
seen in only 22-50% of lesions [6, 7, 21]. TAE was particularly 
effective in solitary tumors less than 4 cm in diameter. In large 
HCC, TAE often failed to produce complete necrosis [8, 21]. 
Hsu et al. [8] reported that 11 of 12 large HCCs showed 
viable residual tumor cells in resected specimens after TAE. 
Survival of tumor cells may be related to collateral blood flow 
through an artery other than the one embolized, the existence 
of shunts in the hepatic artery and portal vein, or incomplete 
embolic occlusion of arterial blood flow. These factors often 
lead to the appearance of color Doppler flow, which may 
indicate tumor recurrence after TAE has been performed. In 
this study, we showed that color Doppler sonography is useful 
for the assessment of residual tumor after TAE. Arteriography 
and CT are also useful, but arteriography is an invasive 
procedure and CT requires the use of contrast material. On 
the other hand, color Doppler sonography is noninvasive and 
can be performed repeatedly. Therefore, color Doppler so- 
nography may prove to be a useful alternative to arteriography 
and/or CT in evaluating patients with HCC during follow-up. 

In all cases in which no abnormal color Doppler flow was 
visible after treatment, follow-up dynamic CT showed an 
unenhanced, low-density area, and arteriography showed 
complete disappearance of the tumor vessel and tumor blush. 
These findings suggest almost complete necrosis of the lesion 
[6]. Conversely, in all cases with abnormal color Doppler flow 
after treatment, follow-up CT showed enhanced areas, or 
arteriography showed the appearance of the tumor vessel 
and tumor blush, which represented residual HCC. This was 
supported by the fact that in four resected cases that did not 
show any abnormal flow on color Doppler imaging after 
treatment, complete tumor necrosis was found, and in two 
resected and two autopsied cases that showed abnormal 
flow after treatment, residual HCC was found. 

During the follow-up period in three cases of recurring 
lesions documented by arteriography, color Doppler sonog- 
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raphy showed no flow. This difference may be related to small 
collateral blood flow through an artery other than the embo- 
lized artery, and to low velocity of the persisting blood flow 
of the embolized artery after TAE, below the level of detection 
by color Doppler sonography. 

We conclude that color Doppler sonography is highly relia- 
ble in evaluating the vascularity and recurrence of HCC, and, 
therefore, when tumoral blood flow is noted on color Doppler 
sonography after treatment, further therapy may be neces- 


sary. 
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Massive Upper Gastrointestinal 
Hemorrhage with Normal Findings 
on Arteriography: Value of 
Prophylactic Embolization of the Left 
Gastric Artery 





During a 5-year period, 13 patients who presented with massive upper gastrointestinal 
hemorrhage had normal findings on arteriography. Seven had prophylactic embolization 
of the left gastric artery, and six had conservative therapy. Normal angiographic findings 
were associated with clinical cessation of bleeding in 12 of 13 patients. Lesions not 
treated by embolization or other invasive therapy had a high rate of massive recurrent 
hemorrhage (four of six). Of lesions subsequently found to be supplied by the left gastric 
artery, two of four cases not treated by embolization or surgery had clinically significant 
recurrent hemorrhage, whereas none of six cases treated by embolization had recurrent 
hemorrhage. 

Prophylactic embolization of the left gastric artery appears warranted when (1) there 
is definite prior identification of a lesion in the left gastric artery territory or (2) there is 
no prior localization of a lesion but the patient is at risk for multiorgan failure if bleeding 
recurs. 


AJR 158:547-549, March 1992 


Upper gastrointestinal bleeding is usually a self-limited process. However, if the 
equivalent of three units of packed RBCs is lost, hemorrhage usually continues 
beyond the equivalent of six or more units [1]. In such cases, patients may require 
diagnostic arteriography. When extravasation indicates a bleeding site, transcath- 
eter embolization or intraarterial pharmacotherapy is advocated [2-4]. When neither 
extravasation nor abnormalities such as neovascularity, aneurysms, or arteriove- 
nous shunting are found, a difficult therapeutic problem arises. Some radiologists 
proceed with prophylactic embolization or pharmacotherapy [4-6]. However, the 
natural course of patients who do not have prophylactic transcatheter therapy 
under these conditions is not well established. We studied the outcome of all 
patients with massive upper gastrointestinal hemorrhage and normal findings on 
arteriography during a 5-year period in order to compare the benefits and risks of 
prophylactic embolization of the left gastric artery with the risk of recurrent 
hemorrhage without transcatheter therapy. 


Materials and Methods 


From 1985 to 1990, 69 patients with the clinical diagnosis of massive arterial gastric 
hemorrhage were referred for arteriography (66 at the Mallinckrodt Institute of Radiology 
from 1985 to 1989, three at Stanford University in 1990). Thirteen patients had normal findings 
on arteriography and represent the study group. Five patients in whom arteriography failed 
to show extravasation of contrast medium were excluded from the study: in three patients, 
selective injections into the left gastric artery were not performed for technical reasons; in 
one patient, an aneurysm in the left gastric artery, and in another, an arteriovenous malfor- 
mation was found. In 51 patients, active extravasation of contrast medium was seen. 

Among the 13 study patients with normal angiographic findings, six were women and 
seven were men, with an age range of 20 to 78 years (average, 61 years). Severity of bleeding 





548 LANG ET AL. 


ranged from the equivalent of six to 20 units of packed RBCs. The 
preangiographic diagnosis of gastric bleeding was derived from en- 
doscopy in all patients except one, in whom angiography was per- 
formed directly after cardiac arrest. 

All patients had cut-film arteriography of the celiac, superior mes- 
enteric, and left gastric arteries. During the first part of the study, 
four patients with normal findings on the arteriogram were treated 
conservatively with antacids, H2-blockers, and, in two instances, with 
IV pitressin. During the latter half of the study, seven of nine patients 
had prophylactic embolization of the left gastric artery. For embolo- 
therapy, eight to 10 1- to 2-mm pledgets of Gelfoam (Upjohn, Kala- 
mazoo, MI) and in one case two 3-mm steel coils (Cook Co., Bloom- 
ington, IN) were placed into the left gastric artery as peripherally as 
possible. Angiography was repeated 10-20 min after embolization to 
verify cessation of flow in the left gastric artery. 

Final diagnoses were obtained from follow-up endoscopy (four 
cases), necropsies (three cases), surgical specimens (one case), or 
when such were not available, from endoscopies performed 1-6 days 
before arteriography while the patients were not bleeding (five cases). 
Among the six patients who did not have embolization, the final 
diagnoses were esophageal ulcer (one), Mallory Weiss tear (one), 
duodenal ulcer (one), and multiple erosions/ulcers (three). Among the 
seven patients who had embolization, the final diagnoses were Mal- 
lory Weiss tear (two), single gastric ulcer/erosion (three), and multiple 
ulcers/erosions (two). 

Follow-up was obtained by chart review, consultations with the 
patients’ physicians, or direct phone conversations with the patients 
or their relatives. Survivors were followed up from 3 months to 4 
years (average, 11 months). 


Results 


In 12 patients, of whom seven had embolization and five 
did not, normal findings on arteriography were associated 
with cessation or at least a marked decrease of bleeding as 
evidenced by stabilization of the blood pressure, heart rate, 
and hematocrit as well as a decrease of bloody nasogastric 
aspirate. One patient who did not have embolization exsan- 
guinated within 1 hr after arteriography from a large esopha- 
geal ulcer that was not supplied by the left gastric artery. He 
was probably actively bleeding at the time of arteriography. 
Three of the other five patients who had not had embolization 
and who had stopped bleeding at the time of arteriography 
had significant recurrent hemorrhage: one patient with multi- 
ple erosions/ulcers had recurrent bleeding 9 days after arte- 
riography and exsanguinated from a gastric erosion 7 days 
later. Another patient with multiple gastric erosions had a 
three-unit hemorrhage 5 days after arteriography. He had a 
minor hemorrhage 6 months later, and no further recurrences 
for 3 years. The third patient who had ventilator-dependent 
respiratory failure had a recurrent 20-unit hemorrhage from a 
duodenal ulcer 14 days after initial arteriography. She had 
emergent surgery and recovered completely. 

Of seven patients who had embolization, one exsanguin- 
ated 9 days after arteriography from a pyloric ulcer. One 
patient who had a Mallory Weiss tear had mild oozing at 2 
days, and one who had multiple erosions had mild oozing at 
9 days after arteriography. In these two cases additional 
transfusion was not required. 
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Of the patients with lesions fed by the left gastric artery, 
none of the six embolized patients had significant recurrent 
hemorrhage, but two of four nonembolized patients had clin- 
ically significant bleeding (p = .053, chi-square test). Of all 
lesions that had stopped bleeding at the time of arteriography 
and that were not treated by embolization or surgery, hem- 
orrhage recurred in four of six. 

Five patients had endoscopy during the acute bleeding 
phase before arteriography. In four of these cases, visibility 
was markedly impaired by blood. In one patient, a 6 x 2 cm 
midesophageal ulcer was not detected. In another patient, a 
gastroesophageal ulcer was found but a pyloric ulcer, from 
which the patient exsanguinated 9 days later, was over- 
looked. In one patient, the diagnosis of a fundal ulcer was 
made and confirmed by follow-up endoscopy. 

Three of six patients who did not have embolization died: 
two exsanguinated and one had a cardiac arrest 2 weeks 
after arteriography. Four of seven patients who had emboli- 
zation died: one patient exsanguinated, two died of respira- 
tory failure (one 17 days, the other 3 months after arteriog- 
raphy), and one succumbed to hepatorenal failure 5 days after 
arteriography. The latter three patients had multiorgan failure 
at the time of arteriography. 


Discussion 


In this study, about 20% of patients with massive upper 
gastrointestinal hemorrhage had normal findings at arteriog- 
raphy. We made two important observations in this small 
series: (1) lesions that were not targeted by embolization or 
other invasive therapy had a high rate of massive recurrent 
hemorrhage (four of six cases) and (2) lesions supplied by the 
left gastric artery that were treated by embolization did not 
have clinically significant recurrent hemorrhage (none of six 
Cases). 

The left gastric artery supplies all Mallory Weiss tears, most 
stress ulcers, 80% of isolated pumping vessels, and, in gen- 
eral, 85% of all angiographically documented upper gastroin- 
testinal bleeding sites [7-9]. Embolization of the left gastric 
artery is considered relatively safe [6], although complications 
such as dissections, distant thromboembolism, splenic infarc- 
tion, and pancreatitis can occur [10]. In patients with compro- 
mised gastric blood supply (e.g., from prior surgery or em- 
bolization), gastric necrosis may develop [10]. 

When it is known that the bleeding site is fed by the left 
gastric artery, it may be less risky to perform embolotherapy 
than not to do so. When it is not known that the bleeding 
arises from the left gastric artery, the risk of recurrent hem- 
orrhage has to be weighed against the risk of nontarget 
embolization before establishing an exact site of bleeding. 
Survival depends largely on a patient’s overall medical status 
at the time the bleeding is finally controlled [11]. Patients with 
multiorgan failure face near certainty of death, whereas 87% 
of patients in whom bleeding is controlled survive, even when 
the cardiovascular or another organ system is severely com- 
promised [11]. In patients in whom the cardiovascular or 
another system is already seriously compromised and in 
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Fig. 1.—Decision algorithm for pa- 
tients with massive upper gastrointes- 
tinal hemorrhage and normal angio- 
graphic findings. LGA = left gastric 
artery. 





with poor visualization 
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whom recurrent bleeding could precipitate multiorgan failure, 
immediate prophylactic embolization of the left gastric artery 
in the absence of a final diagnosis seems justified. 

if prophylactic embolization of the left gastric artery is 
performed without knowledge of the bleeding site, one may 
expect that the target will be missed in about 15% of cases 
[10]. There also is a small possibility that a lesion not supplied 
by the injected vessels, such as an esophageal ulcer or an 
aortoduodenal fistula, will be missed on arteriography [13]. 
Endoscopy performed during the acute bleeding episode may 
be unreliable or nondiagnostic [12]. In two patients in this 
study, endoscopic findings were misleading, and inappro- 
priate therapy resulted in exsanguination. Endoscopy per- 
formed immediately after arteriography with normal findings 
will most likely be successful because, in most cases, normal 
arteriographic findings are associated with cessation of bleed- 
ing. Therefore, visibility during endoscopy should be improved 
sufficiently to identify the site of bleeding. If the lesion is 
discrete, adherent blood clot, which may be the only clue to 
diagnosis, may be missed if endoscopy is delayed. 

Given the observations made in this study, and recognizing 
that the study is limited by the retrospective approach, the 
small number of patients, and the differences in underlying 
diseases, we have devised a decision algorithm for managing 
patients with massive upper gastrointestinal hemorrhage and 
normal angiographic findings (Fig. 1). Although the algorithm 
does not cover all possibilities, it may provide guidance in the 
difficult clinical situation in which arteriography has not re- 
vealed a bleeding site. 









549 


Preangiographic endoscopy 
with good visualization 


Bleeding in LGA 


territory 


LGA - Embolization 









Bleeding not in 





LGA territory 


Surgical or endo- | 
scopic treatment 














Bleeding not in 
LGA territory 









Surgical or endo- 
scopic treatment 





REFERENCES 


a 


Mallory A, Schaefer JW, Cohen JR, Holt SA, Norton LW. Selective intra- 
arterial vasopressin infusion for upper gastrointestinal tract hemorrhage. 
Arch Surg 1980;115:30-32 


. Reuter SR, Chuang VP, Bree RL. Selective arterial embolization for control 


of massive upper gastrointestinal bleeding. AJR 1975;125:119-126 


. Goldman ML, Land WC, Bradley EL Ill, Anderson J. Transcatheter thera- 


peutic embolization in the management of massive upper gastrointestinal 
bleeding. Radiology 1976;120:513-521 


. Eckstein MR, Kelemouridis V, Athanasoulis CA, Waltman AC, Feldman L, 


van Breda A. Gastric bleeding: therapy with intraarterial vasopressin and 
transcatheter embolization. Radiology 1984;152:643-646 


. Fisher RG, Schwartz JT, Graham DY. Angiotherapy with Mallory-Weiss 


tear. AJR 1980;134:679-684 


. Morris DC, Nichols DM, Connell DG, Burhenne HJ. Embolization of the left 


gastric artery in the absence of angiographic extravasation. Cardiovasc 
Intervent Radiol 1986;9:195-198 


. Marrone GC, Silen W. Pathogenesis, diagnosis and treatment of acute 


gastric mucosal lesions. Clin Gastroenterol 1984;13:635-650 


. Veldhuyzen van Zanten SJO, Bartelsman JFW, Schipper MEI, Tytgat GN. 


Recurrent massive haematemesis from Dieulafoy vascular malformations. 
Gut 1986;27: 213-222 


. Kelemouridis V, Athanasoulis CA, Waltman AC. Gastric bleeding sites: an 


angiographic study. Radiology 1983;149:643-648 


. Lieberman DA, Keller FS, Katon RM, Rösch J. Arterial embolization for 


massive upper gastrointestinal tract bleeding in poor surgical candidates. 
Gastroenterology 1984;86:876-885 


. Lang EV, Picus D, Marx MV, Hicks ME. Massive arterial hemorrhage from 


the stomach and lower esophagus: impact of embolotherapy on survival. 
Radiology 1990;177:249-252 


. Yajko RD, Norton LW, Eiseman B. Current management of upper gastroin- 


testinal bleeding. Ann Surg 1975;181:474-480 


. Brant B, Rösch J, Krippaehne WW. Experiences with angiography in 


diagnosis and treatment of acute gastrointestinal bleeding of various 
etiologies. Ann Surg 1972;176:419-434 


550 


Book Review 





Fundamentals of Body CT. By W. Richard Webb, William E. Brant, and Clyde A. Helms. Philadelphia: Saunders, 


320 pp., 1991. $39 


The goal of this CT monograph is to provide, in an abbreviated 
form, basic introductory concepts in the performance and interpre- 
tation of body CT. Cross-sectional anatomy, general principles of 
technique, and some of the most common and important disorders 
are described and illustrated. The monograph is divided into 19 
chapters, with 284 illustrations and many associated diagrams. Seven 
chapters are dedicated to the thorax; 10 to the abdomen, pelvis, and 
peritoneal cavity; and two to the musculoskeletal system and lumbar 
spine. These are short chapters, with one or two illustrations on a 
medium-sized page, written by three authors. For example, the 
chapter on the kidneys has 12 pages (11 illustrations, one diagram) 
and six references, and the chapter on the gastrointestinal tract has 
15 pages (14 illustrations) and seven references. 

On the positive side, the book is well organized, with appropriate 
weight given to selected topics and to different examples of patho- 
logic entities, which are carefully chosen and aptly described. The 
tone and style of writing are excellent throughout the book. The 
illustrations are appropriately labeled and generally adequate in qual- 
ity; they are better in the chapters on the thorax and less so in the 
chapters on the abdomen. The explanatory diagrams are helpful for 
motivated students who are trying to comprehend a cross-sectional 
image. 


On the negative side, the bibliography is much too concise even 
for a monograph restricted in scope and audience. It fails to list some 
of the most classic and basic articles on body CT. Several of the 
illustrations in the abdominal section are either originally too dark or 
poorly reproduced. Some are poor examples of common entities, and 
others have artifacts. For instance, some images of the adrenal 
glands, pancreas, esophagus, rectal carcinoma, diverticulitis, and 
ovarian carcinoma are not state of the art. Finally, the description of 
technical parameters used is at times superficial and already 
outdated. 

Despite some limitations, the intent of the authors to provide—in 
a painless, easy-to-read, and manageable way—essential basic in- 
formation on body CT was achieved. | recommend this book to 
beginners in radiology, residents in training, radiologists unaccus- 
tomed to body CT imaging, and interested and inquisitive clinicians 
who treat diseases of the chest or abdomen. 


Emil J. Balthazar 
NYU Medical Center 
New York, NY 10016 
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Case Report 





Hemorrhagic Colitis Caused by Escherichia coli Preceding 
Hemolytic-Uremic Syndrome: Radiologic Features 


Osamu Tanaka,' Katsuhiko Matsuura,’ Jun Nagai,’ Sumitaka Mitsu,? Toshihiro Kimura,? and Michio Miyata’ 


Enteric infection with bloody diarrhea has been recognized 
as a prodrome of the hemolytic-uremic syndrome (HUS) 
[1]. Escherichia coli serotype 0157:H7 has recently been 
described in association with hemorrhagic colitis in all age 
groups and with HUS in children [2]. We report a case of 
hemorrhagic colitis caused by this organism that was followed 
by HUS, and briefly discuss its radiologic features. To our 
knowledge, this is the first description of CT findings of 
prodromal colitis associated with HUS. 


Case Report 


A 15-year-old previously healthy boy was admitted because of 
pain in the right side of the lower abdomen and diarrhea. The diarrhea 
was initially watery, but gradually became bloody and increased in 
frequency. Physical examination showed tenderness in the right lower 
quadrant of the abdomen and slight fever. Laboratory examination 
indicated a slightly increased leukocyte count, but other blood test 
results and renal function values were normal. The abdominal plain 
film on admission was unremarkable except for obliteration of the 
margin of the right psoas muscle. Barium enema examination re- 
vealed a narrowing of the colonic lumen with a “thumbprinting” 
appearance in the ascending colon (Fig. 1A). With a gradual deterio- 
ration in the patient's clinical condition, ascites became apparent. The 
wall of the entire colon showed a marked increase in thickness, and 
the thumbprinting became visible even on the plain radiograph. CT 
of the abdomen showed a circumferential thickening of the colonic 
wall (Fig. 1B). The small-bowel loops also were involved, and adjacent 
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mesenteric inflammatory changes, ascites, and retroperitoneal in- 
volvement were identified on CT. 

On the seventh day of illness, the creatinine level increased, the 
platelet count decreased, and the hematocrit level fell with microan- 
giopathic changes on the peripheral blood smear. The patient became 
Oliguric and had seizures. The diagnosis of HUS was made, and E. 
coli 0157:H7 was identified from the stool culture. The source of 
infection was not ascertained. After the development of HUS, CT 
showed enlargement of the renal parenchyma with a reduced atten- 
uation value. 

After intensive treatment with hemodialysis and plasmapheresis, a 
gradual improvement in both clinical and laboratory findings was 
observed, and the patient was discharged after 62 days in the 
hospital. 


Discussion 


HUS is a disorder of varying severity, characterized by 
acute renal failure, hemolytic anemia, and thrombocytopenia 
[3]. The illness usually occurs in infants and young children, 
and an intestinal prodrome with bloody diarrhea commonly 
precedes the hematologic and renal manifestations by several 
days or weeks [4]. Enteric infection with a wide variety of 
organisms, including Shigella, Salmonella, Campylobacter, 
Yersinia, and enteroviruses, has been observed as a precur- 
sor of HUS [2]. More recently, some cases of the syndrome 
have been reported to occur after colitis with certain strains 
of E. coli serotype 0157:H7 [2]. This serotype produces vero- 
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cell cytotoxin (verotoxin), which is thought to play a causative 
role in the occurrence of hemorrhagic colitis and HUS [5]. 

Radiologic features of the prodromal colitis include evi- 
dence of thumbprinting on the bowel wall caused by submu- 
cosal hemorrhage or edema [6]. Thumbprinting is more com- 
monly seen in adults with ischemic colitis, but hemorrhagic 
colitis associated with HUS is an important cause of thumb- 
printing in children. The differential diagnosis includes acute 
ulcerative colitis, Henoch-Schonlein purpura, and other forms 
of infectious colitis [7]. In our case, obliteration of the margin 
of the right psoas muscle, suggestive of retroperitoneal in- 
volvement, was noted as an initial radiologic manifestation. 

The diagnosis of infectious or ulcerative colitis is usually 
difficult to make with CT, because the diseases affect only 
the colonic mucosa. More severe forms of colitis, however, 
can be recognized by concentric thickening of the colonic 
wall. The involved bowel wall has a homogeneous soft-tissue 
density or exhibits alternate rings of low and high attenuation, 
referred to as a double-wall or target sign [8]. CT is also 
useful in the evaluation of colitis involving the mesentery, 
peritoneal cavity, and retroperitoneum. 

After the development of HUS, acute cortical necrosis 
occurs in the kidneys [4]. Radiologically detectable punctate 
or linear calcifications can be seen in the renal cortex. In our 
case, the kidneys were diffusely enlarged, and the renal 
parenchyma had a lower attenuation value on unenhanced 
CT that probably was due to edema. 

All of the radiologic manifestations appear to reflect the 
underlying pathologic process of ischemia, presumably 








AJR:158, March 1992 


Fig. 1.—A, Barium enema obtained 
on admission shows sharply defined 
fingerlike indentations on colonic wall 
(thumbprinting), especially in ascend- 
ing colon (arrows). Slight wall thicken- 
ing suggestive of edema is also noted 
in loops of small bowel (arrowheads). 

B, CT scan of abdomen obtained on 
fourth hospital day shows a marked 
thickening of colonic wall (arrows). 
Wall of small intestine is also slightly 
thickened (arrowheads). Note in- 
creased haziness and streakiness of 
mesentery, ascites, and retroperitoneal 
fluid. 


caused by fibrin thrombi in the microvasculature of the kidney 
or other organs [6]. Prompt diagnosis and supportive treat- 
ment, including hemodialysis and plasmapheresis, is the most 
important aspect of the management of HUS. Most of the 
radiologic findings are nonspecific, but thumbprinting of the 
colon in a child with bloody diarrhea should suggest the 
correct diagnosis before severe renal and hematologic abnor- 
malities become manifest. 
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Diagnosis of Primary 
Hyperaldosteronism: Importance of 
Correlating CT Findings with 
Endocrinologic Studies 





Twenty patients with primary hyperaldosteronism had endocrinologic and radiologic 
studies to distinguish aldosterone-producing adenoma from idiopathic hyperaldosteron- 
ism due to bilateral micro- or macronodular hyperplasia of the adrenal cortex. In addition 
to examination for changes in the plasma level of aldosterone associated with postural 
changes and measurement of the plasma level of 18-hydroxycorticosterone, all 20 
patients had CT examination of the adrenal glands. In three patients with normal adrenal 
glands on CT and three patients with CT evidence of two solitary nodules, one in each 
adrenal gland, a diagnosis of idiopathic hyperaldosteronism was confirmed by endo- 
crinologic findings (five patients) or ‘*'l-68-iodomethyl-19-norcholesterol (NP-59) adrenal 
scintigraphy (one patient). In nine patients with a solitary adrenal nodule on CT, a 
diagnosis of aldosterone-producing adenoma was confirmed by surgery (seven patients) 
or hormone sampling via the adrenal veins (two patients). However, in three patients 
with a solitary adrenal nodule on CT, a diagnosis of idiopathic hyperaldosteronism was 
suggested by endocrinologic findings (three patients) and confirmed by the results of 
NP-59 scintigraphy (two patients) or adrenal venous sampling (one patient). In addition, 
in two patients with CT evidence of three adrenal nodules (two in one gland, one in 
contralateral gland), a diagnosis of aldosterone-producing adenoma was suggested by 
endocrinologic findings in both patients and confirmed by surgery in one. 

Although high-resolution CT is highly accurate for the detection of aldosterone- 
producing adenoma, significant diagnostic errors can occur in patients with primary 
hyperaldosteronism if CT findings are not correlated with results of endocrinologic 
studies. 


AJR 158:553-557, March 1992 


Primary hyperaldosteronism is caused by overproduction of the adrenal miner- 
alocorticoid aldosterone and is typically characterized by hypertension, depletion 
of potassium, and reduced plasma renin activity [1]. Although responsible for less 
than 2% of cases of hypertension, this disorder has received much attention in the 
medical literature because of the therapeutic implications. More than 95% of cases 
of primary hyperaldosteronism result either from a solitary aldosterone-producing 
adrenal cortical adenoma (APA), for which adrenalectomy is the treatment of choice, 
or from idiopathic hyperaldosteronism (IHA) due to bilateral micro- or macronodular 
hyperplasia of the adrenal cortex, which requires medical antihypertensive therapy 
[1]. 

CT has been recommended as the initial procedure to distinguish APA from IHA 
in patients with primary hyperaldosteronism [1]. A diagnostic accuracy of 90% can 
be achieved in patients with APA [1]. Potential causes of false-negative results 
include small hyperfunctioning adenomas, bilateral hyperfunctioning adenomas, 
and hyperfunctioning adenomas with contralateral nonhyperfunctioning adenomas. 
Potential causes of false-positive results include solitary nonautonomous hyper- 
plastic nodules and nonhyperfunctioning adenomas. In a series of 23 patients with 
primary hyperaldosteronism [2], a solitary nodule simulating adenoma was seen in 
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five of 11 patients with IHA. Two other patients with IHA 
needlessly had unilateral or bilateral adrenalectomy because 
CT showed hyperplastic nodules that were mistaken for 
adenomas [3, 4]. In a series of 17 patients with primary 
hyperaldosteronism evaluated with CT [5], adrenalectomy 
was performed in three patients with IHA. We think that the 
frequency of such errors can be reduced by using a combined 
endocrinologic and radiologic examination in patients with 
primary hyperaldosteronism. 


Materials and Methods 


Between June 1983 and May 1990, 24 patients with primary 
hyperaldosteronism were referred to the endocrinology division at 
our institution. Three patients who had had CT examinations at other 
institutions and one patient who had a CT examination at our insti- 
tution were not included in the study because their examinations 
were not available for review. The study included five men and 15 
women 34-71 years old (average, 54 years). All 20 patients had CT 
examinations, determination of changes in plasma levels of aldoste- 
rone associated with changes in posture, and measurement of plasma 
levels of 18-hydroxycorticosterone (18-OH B). 

CT examinations were performed on a Picker 1200SX scanner (19 
patients) or a General Electric 9800 scanner (one patient). All patients 
were given contrast material orally before scanning, and all but one 
received IV contrast medium. Contiguous (eight patients) or overlap- 
ping (12 patients) sections 5 mm thick were obtained at a scan speed 
of 2 or 3 sec. Scanning was begun about 2 cm above the adrenal 
glands and continued until the most caudal aspect of the glands had 
been cleared by 1-2 cm. A limited field of view targeting the adrenal 
glands was used in 15 patients. CT examinations were reviewed 
retrospectively by one radiologist who was aware of the diagnosis of 
hyperaldosteronism but had no knowledge of the results of the other 
tests. A nodule was identified as a round or oval mass that produced 
convexity of the otherwise straight or concave margin of the adrenal 
gland [6]. Nodule size was determined by measuring the diameter of 
round nodules or the major and minor axes of oval nodules on the 
CT slice on which the nodules were largest. Relative attenuation of 
the nodules was determined by visual comparison with the remainder 
of the ipsilateral adrenal gland and the contralateral adrenal gland. 
The adrenal glands did not appear diffusely enlarged in any of the 20 
patients. CT diagnosis of APA was made if only one adrenal nodule 
was seen. CT diagnosis of IHA was made if the adrenal glands 
appeared normal or if more than one adrenal nodule was seen. 

After the patients had been recumbent overnight, blood was ob- 
tained from all 20 patients for measurement of plasma levels of 
aldosterone and 18-OH B. Four hours later, after the patients were 
upright and ambulatory, blood was collected again for determination 
of plasma aldosterone level in 19 of the 20 patients; one patient with 
severe arthritis was not ambulatory. 

Adrenal venous sampling was performed in five patients. Selective 
blood samples from the right and left adrenal veins and the inferior 
vena Cava were assayed for aldosterone and cortisol concentrations. 
In four patients, the ratio of aldosterone to cortisol in the blood 
sample from one adrenal vein was at least 10 times greater than the 
ratio in the blood sample from the contralateral adrenal vein, indicating 
a diagnosis of APA [7]. Surgery was performed in two of these 
patients and confirmed the presence of APA. In one patient, blood 
samples from the right and left adrenal veins yielded similar aldoste- 
rone:cortisol ratios, consistent with a diagnosis of IHA. 

Adrenal scintigraphy with ‘*'l-68-iodomethyl-19-norcholesterol 
(NP-59) was performed in seven patients. The radiopharmaceutical 
was administered after 7 days of suppression with dexamethasone. 
Images were obtained 4 days later. In four patients, there was uptake 
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of NP-59 in only one adrenal gland, indicating a diagnosis of APA 
[8]. The presence of APA was confirmed by surgery in three patients 
and by adrenal venous sampling in one patient. In three patients, 
bilateral adrenal uptake of NP-59 was seen, consistent with a diag- 
nosis of IHA. Results of biochemical studies were also consistent 
with IHA in these three cases. Neither surgery nor venous sampling 
was performed in these patients. 

Pathologic confirmation of adrenal cortical adenoma was obtained 
in all eight patients who had unilateral adrenalectomy. On the basis 
of clinical follow-up, surgery was considered curative in seven of the 
eight patients. Measurements of plasma levels of aldosterone and 
18-OH B were repeated in one patient who had persistent but 
ameliorated hypokalemia and hypertension after adrenalectomy. Cells 
from the adenoma from this patient secreted a large amount of 
aldosterone for 6 months in culture without trophic stimuli. This 
feature distinguishes APA cells from normal adrenocortical cells [9]. 
No data are available on the in vitro activity of cells from nonhyper- 
functioning APAs or cells from adrenal glands of patients with IHA. 
Hormone sampling via the adrenal veins indicated the presence of 
unilateral APA in two patients who did not have surgery; one had 
coronary artery disease and the other refused to have surgery. 

Results of NP-59 scintigraphy indicated a diagnosis of IHA in three 
patients. Results of adrenal venous sampling were consistent with 
IHA in a fourth patient. No additional studies were obtained in five 
patients with biochemical evidence of IHA and CT evidence of normal 
adrenal glands (two patients) or nodules in both glands (three pa- 
tients). 

One patient with biochemical evidence of APA and CT evidence of 
nodules in both glands had neither surgery nor additional radiologic 
studies. 


Results 


CT showed normal adrenal glands in three patients, a 
solitary adrenal nodule in 12 patients (Figs. 1-4), a single 
nodule in each adrenal gland in three patients (Fig. 5), and 
three adrenal nodules (two in one gland and one in the 
contralateral gland) in two patients (Fig. 6). In the three 
patients with normal adrenal glands on CT, a presumptive 
diagnosis of IHA was made on the basis of endocrinologic 
findings (two patients) or NP-59 scintigraphy (one patient). In 
the nine patients with only one nodule and final diagnosis of 
APA based on findings at surgery (Seven patients) or venous 
sampling (two patients), the size of the adrenal mass ranged 
from 8 x 8 mm to 3.5 x 2.8 cm (average, 16 x 16 mm). Eight 
nodules had lower attenuation (Fig. 1) and one had similar 
attenuation (Fig. 2), relative to the remainder of the adrenal 
gland. Two of the three patients with only one adrenal nodule 
and a final diagnosis of IHA based on endocrinologic findings 
(three patients) and either NP-59 scintigraphy (two patients) 
or adrenal venous sampling (one patient) had a medium- 
attenuation nodule measuring 7 Xx 7 mm or 8 x 16 mm, 
respectively (Fig. 3). The third patient had a 2.4- by 1.4-cm 
low-attenuation nodule (Fig. 4) and slightly higher aldoster- 
one:cortisol ratio in blood from the contralateral gland by 
venous sampling; the adrenal mass in this patient may have 
been a nonhyperfunctioning adenoma rather than a hyper- 
plastic nodule. 

In the three patients with single nodules in both adrenal 
glands and a presumptive diagnosis of IHA based on endo- 
crinologic findings, the nodules ranged in size from 9 x 9 mm 
to 12 X 12 mm and had medium attenuation in two patients 
(Fig. 5) and low attenuation in one. In one of the two patients 


AJR:158, March 1992 


Fig. 1.—CT scan shows 1.1-cm low- 
attenuation mass (arrow) in left adrenal 
gland. Results of posture study, plasma 
level of 18-hydroxycorticosterone, and 
pathologic examination of adrenalec- 
tomy specimen indicated aldosterone- 
producing adenoma. 


Fig. 2.—CT scan shows 1.5-cm me- 
dium-attenuation mass (arrow) in right 
adrenal gland. Adrenal origin of mass 
was seen on more caudal scan. Results 
of posture study, plasma level of 18- 
hydroxycorticosterone, and pathologic 
examination of adrenalectomy speci- 
men indicated aldosterone-producing 
adenoma. 


Fig. 3.—CT scan shows 1.6- by 0.8- 
cm medium-attenuation mass (arrow) 
in left adrenal gland. Results of posture 
study, plasma level of 18-hydroxycor- 
ticosterone, and adrenal scintigraphy 
indicated idiopathic hyperaldosteron- 
ism. 


Fig. 4.—CT scan shows 2.4- by 1.4- 
cm low-attenuation mass (arrow) in left 
adrenal gland. Results of posture 
study, plasma level of 18-hydroxycor- 
ticosterone, and adrenal venous sam- 
pling indicated idiopathic hyperaldo- 
steronism. Mass may be incidental 
nonhyperfunctioning adenoma. 


Fig. 5.—CT scan shows 9-mm me- 
dium-attenuation nodules (arrows) in 
both adrenal glands. Nodule in left 
gland was larger on more cephalic 
scan. Results of posture study and 
plasma level of 18-hydroxycorticoster- 
one indicated idiopathic hyperaldoste- 
ronism. 


Fig. 6.—CT scan shows 2.5- by 1.3- 
cm low-attenuation mass (arrow) in left 
adrenal gland and 9- and 12-mm hy- 
poattenuating nodules (arrowheads) in 
right adrenal gland. Cells from ade- 
noma in left gland secreted large 
amounts of aldosterone for 6 months in 
culture without trophic stimuli, consist- 
ent with aldosterone-producing ade- 
noma. Postadrenalectomy measure- 
ment of plasma level of 18-hydroxycor- 
ticosterone suggested that one or both 
nodules in right gland also were aldos- 
terone-producing adenoma. 


with three nodules, a 2.5- by 1.3-cm low-attenuation nodule 
was present in one adrenal gland, and two low-attenuation 
nodules, 12 x 12 mm and 9 x 9 mm in diameter, respectively, 
were present in the contralateral gland (Fig. 6). In the second 
patient, a 2.2- by 1.7-cm low-attenuation nodule was present 
in one adrenal gland, and two low-attenuation nodules, 2 x 2 
cm and 1 x 1 cm in diameter, were present in the contralateral 
gland. 
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Results of the posture study showed an increase in the 
plasma level of aldosterone of at least 33% above baseline, 
indicating a diagnosis of IHA [1], in nine patients. Four of the 
nine patients had a final diagnosis of IHA based on the results 
of NP-59 scintigraphy (three patients) or adrenal venous 
sampling (one patient). In the other five patients, the pre- 
sumptive diagnosis of IHA was based on plasma levels of 18- 
OH B less than 50 ng/dl (five patients) and CT findings of 
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normal adrenal glands (two patients) or two solitary adrenal 
nodules, one in each gland (three patients). An anomalous fall 
in the aldosterone level, consistent with a diagnosis of APA 
[1], occurred in seven patients. The diagnosis of APA was 
confirmed in six of the seven patients by surgery (five patients) 
or by venous sampling (one patient). No confirmation of the 
diagnosis of APA was obtained in the other patient, in whom 
CT showed three adrenal nodules. No change in the plasma 
level of aldosterone was seen in three patients with a subse- 
quent diagnosis of APA based on surgery (two patients) or 
hormone sampling via the adrenal veins (one patient). 

In the laboratory used, a plasma level of 18-OH B less than 
60 ng/dl indicates IHA, whereas a level greater than 60 ng/dl 
indicates APA. In all eight patients with plasma levels of 18- 
OH B less than 50 ng/dl, the results of the posture study also 
indicated a diagnosis of IHA. Of eight patients with plasma 
levels of 18-OH B greater than 100 ng/dl, a diagnosis of APA 
was confirmed in six by surgery and in one by adrenal venous 
sampling; in the eighth patient, the results of the posture 
study were consistent with a diagnosis of APA. Of four 
patients with plasma levels of 18-OH B between 51 and 64 
ng/dl, APA was diagnosed in three on the basis of surgical 
findings (two patients) or the results of adrenal venous sam- 
pling (one patient), and IHA was diagnosed in one on the 
basis of NP-59 scintigraphic findings. 

One patient with three hypoattenuating adrenal nodules 
and endocrinologic evidence of APA (34% decrease in plasma 
level of aldosterone in the posture study; plasma level of 18- 
OH B = 172 ng/dl) had no further workup, and the hyperten- 
sion and hypokalemia were well controlled with a calcium- 
blocking agent and spironolactone. It seems likely that this 
patient had at least one APA; whether the other two adrenal 
nodules were hyperfunctioning adenomas, nonhyperfunction- 
ing adenomas, or hyperplastic nodules is unknown. 

In the other patient with three hypoattenuating adrenal 
nodules and endocrinologic evidence of APA (22% decrease 
in plasma level of aldosterone in the posture study; plasma 
level of 18-OH B = 347 ng/dl), the adrenal gland containing 
the single, largest nodule was resected. Cells from this ade- 
noma secreted a large amount of aldosterone for 6 months 
in culture without trophic stimuli. Because of persistent mild 
hypokalemia and hypertension 6 months after adrenalectomy, 
the plasma level of aldosterone was measured again and was 
elevated: 32 ng/dl (normal, 3.4-9.4 ng/dl). The plasma level 
of 18-OH B was markedly elevated at 140 ng/dl (although 
significantly decreased from the preoperative level of 347 ng/ 
dl). The posture study was not repeated. In view of the high 
plasma level of 18-OH B, it seems likely that one or both of 
the nodules in the remaining adrenal gland were APAs. 


Discussion 


After the diagnosis of primary hyperaldosteronism is con- 
firmed, APA must be distinguished from IHA. Although pa- 
tients with APA tend to have more severe hypertension, more 
profound hypokalemia, and higher plasma levels of aldoste- 
rone than do patients with IHA, the differences are not suffi- 
cient for reliable distinction [1]. Radiologic and endocrinologic 
studies used to distinguish APA from IHA include selective 
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adrenal venous sampling for measurement of aldosterone, 
NP-59 adrenal scintigraphy, CT, MR imaging, measurement 
of the changes in the plasma level of aldosterone associated 
with changes in posture, and measurement of plasma levels 
of 18-OH B. Although the results of adrenal venous sampling 
are quite accurate when the procedure is successful, such 
sampling is technically difficult, costly, and invasive. Adrenal 
scintigraphy is similar to CT in accuracy but is more expensive 
and less widely available [1, 5]. Currently, MR appears to be 
less effective than CT for examination of patients with primary 
hyperaldosteronism [5]. 

In several early series [10-12], the sensitivity of CT for the 
detection of APA was 61-75% with no false-positive diag- 
noses, that is, in no case was IHA mistaken for APA. In 
patients with IHA, the adrenal glands appeared normal or 
diffusely enlarged bilaterally; adrenal nodules were not seen. 
More recently, with high-resolution CT, the sensitivity for the 
detection of APA has approached 90%, as smaller adenomas 
are delineated [1, 5]. However, a concomitant effect of the 
improved CT resolution is the detection of hyperplastic nod- 
ules in patients with IHA [2-5]. In our series, CT showed 
adrenal nodules in six (67%) of nine patients with IHA. It has 
been suggested that in patients with primary hyperaldo- 
steronism, the CT finding of a solitary adrenal nodule or mass 
indicates adenoma (or carcinoma), whereas the presence of 
multiple nodules in one or both adrenal glands indicates IHA 
[5]. However, in our series, three (25%) of 12 patients with a 
solitary adrenal nodule had a final diagnosis of IHA. Further- 
more, in two patients with three adrenal nodules, there was 
evidence of bilateral APAs in one and either single or multiple 
APAs in the other. 

When data from published reports are combined, the di- 
agnostic accuracies of the posture study of plasma levels of 
aldosterone and of the measurement of plasma levels of 18- 
OH B in patients with APA are 85% and 82%, respectively 
[1]. In our series, in no case were the results of these two 
studies discordant. In a few cases, however, results were 
equivocal. 

Because the endocrinology division at our institution is a 
referral center for patients with primary hyperaldosteronism, 
our series may have had a large number of unusual cases. 
Although IHA generally accounts for less than one third of 
cases of primary hyperaldosteronism [1, 10-12], almost half 
the patients in our series had a diagnosis of IHA. However, 
when hypertensive patients are screened carefully, IHA may 
be diagnosed more frequently than APA [1]. 

Results in our series suggest that errors in therapeutic 
decision making can be avoided by correlating radiologic and 
endocrinologic findings in patients with primary hyperaldo- 
steronism. Of the 19 patients with sufficient information for 
establishing a diagnosis of APA or IHA, CT findings were 
interpreted correctly in 15 (79%). All nine cases of solitary 
APA proved by surgery or adrenal venous sampling were 
detected on CT scans. In addition, a surgically proved APA 
and two contralateral adrenal nodules were detected on CT 
in one patient who had endocrinologic evidence of APA after 
unilateral adrenalectomy; nodules in both adrenal glands also 
were detected on CT in a patient with endocrinologic evidence 
of APA but no further diagnostic workup. Thus, adrenal 


nodules were detected on CT in all patients with a proved or 
suspected diagnosis of APA. 

Diagnosis of IHA based on CT findings was concordant 
with all other available endocrinologic and radiologic evidence 
in all three patients with normal adrenal glands and in all three 
patients with two solitary adrenal nodules, one in each gland. 
However, a false-positive diagnosis of APA that was based 
on CT findings was made in three patients with a solitary 
adrenal nodule, endocrinologic evidence of IHA, and either 
scintigraphic or venous sampling confirmation of IHA. Exclu- 
sive reliance on CT findings would have resulted in inappro- 
priate adrenalectomy in these three cases. On the other hand, 
an incorrect diagnosis of IHA was made on the basis of CT 
findings in one patient with surgically proved APA and prob- 
able contralateral APA; although unilateral adrenalectomy was 
not curative, hypertension and hypokalemia were significantly 
improved and more easily controlled after surgery. 

A potential source of error in this and other studies of 
patients with primary hyperaldosteronism is the lack of proof 
of the final diagnosis in all cases. In 10 patients with APA, the 
diagnosis was proved by surgery (eight patients) or adrenal 
venous sampling (two patients). However, in the nine patients 
with a final diagnosis of IHA, none had surgery and only one 
had venous sampling. Thus, in eight cases, the diagnosis of 
IHA was presumptive, based on concordance of endocrino- 
logic findings (eight patients) and NP-59 scintigraphy (three 
patients). 

Optimal technique is required for greatest CT accuracy. 
Oral contrast material is recommended because an unopaci- 
fied gastric fundus [13] or gastric diverticulum [14] can be 
misinterpreted as a mass in the left adrenal gland. When not 
contraindicated by allergy or renal insufficiency, IV contrast 
enhancement will help the radiologist avoid mistaking tortuous 
splenic vessels [13], dilated adrenal and periadrenal portosys- 
temic venous collateral vessels [15], or even a normal inferior 
phrenic vein [5] for an adrenal mass. Because adrenal nodules 
in patients with primary hyperaldosteronism are typically small 
and may extend superiorly or inferiorly from an otherwise 
normal-appearing adrenal gland, contiguous or overlapping 
thin-section CT scans should be obtained, beginning 1-2 cm 
above and ending 1-2 cm below the adrenal glands. Others 
[5] have shown that the use of CT sections 5 mm thick 
improves diagnostic accuracy as compared with the use of 
sections 10 mm thick. Whether the use of even thinner 
sections would further improve CT accuracy is unknown. 
Spatial resolution also can be improved by using a limited 
field of view targeting the adrenal glands. 

Because of the potential pitfalls of morphologic imaging, 
we suggest the following approach for patients with confirmed 
primary hyperaldosteronism. In all patients, plasma levels of 
18-OH B should be measured, and changes in the plasma 
level of aldosterone associated with changes in posture 
should be determined. If results are concordant and indicate 
IHA, then no further evaluation may be necessary, thus avoid- 
ing the risk of a false-positive diagnosis of APA based on CT 
findings if a solitary nonautonomous hyperplastic nodule or 
nonhyperfunctioning adenoma is present. If CT is performed 
in such a case and shows a solitary adrenal nodule, further 
evaluation with NP-59 scintigraphy or venous sampling should 
be considered. On the other hand, if the results of the two 
endocrinologic studies are concordant and indicate APA, then 
high-resolution CT scanning of the adrenal glands should be 


performed. If a solitary adrenal nodule is detected, then 
adrenalectomy can be recommended without further evalua- 
tion. If CT shows normal adrenal glands, two solitary nodules 
(one in each gland), or multiple nodules, then a lateralizing 
functional study, either scintigraphy or venous sampling, is 
indicated. On the basis of the results of our study, we expect 
that most patients with primary hyperaldosteronism will fit 
into one of these categories. If one endocrinologic study 
indicates either IHA or APA and the other is equivocal, then 
CT should be performed. If the diagnosis based on CT findings 
is concordant with the unequivocal endocrinologic study, 
further evaluation is probably unnecessary. If results are 
discordant, then scintigraphy or venous sampling is appropri- 
ate. If results of both endocrinologic studies are equivocal or 
discordant, further evaluation with both CT and a lateralizing 
functional study may be necessary. 

In conclusion, our results suggest that although high-reso- 
lution CT is sensitive for the detection of APA, significant 
diagnostic errors can occur in patients with primary hyperal- 
dosteronism if CT findings are not correlated with results of 
endocrinologic studies. 
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Videotape Review 





RSNA Today Video, Vol. 5, No. 2. Oak Brook, IL: The Radiological Society of North America, 1991. $55; by 
subscription, 6 issues annually at $185 for RSNA members and $225 for nonmembers (VHS videotape) 


This edition of RSNA Today Video continues the fine tradition. Four 
topics are discussed. Roy A. Holliday has prepared a masterful 
discussion of non-nodal neck masses. Thyroglossal duct cyst, bran- 
chial cleft cyst, cystic hygroma, and neural tumors are some of the 
topics he presents. The CT scans and MR images are well chosen 
and well reproduced. Dr. Holliday uses excellent line drawings to 
good advantage. 

The second topic is a fascinating presentation of interactive three- 
dimensional localization of brain lesions. Physicians, scientists, and 
engineers at the University of Chicago demonstrate how advanced 
computer technology can create three-dimensional pictorial images 
of the brain by using the data from MR images. The relationship of 
deeper lesions to the nearby cortical structures can thereby be 
shown, potentially a great help to neurosurgeons planning the safest 
approach to the lesion. The discussion concludes with a videotape 
of an actual operation. Although this technology is not yet ready for 
widespread use, it is truly fascinating and exciting. 

The third section is a roundtable discussion of the clinical applica- 
tions of MR angiography of the carotid arteries compared with 
Doppler imaging and conventional angiography. Andrew W. Litt pre- 


sents his data on the ability of Doppler imaging and MR angiography 
to replace conventional angiography in many cases. The other round- 
table participants, Orest B. Boyko and Robert R. Edelman, describe 
how these developments are affecting clinical practice at their insti- 
tutions. The result is a cogent discussion of a topic of increasing 
Clinical importance. 

The final section is a review by Matthew Rifkin of the role of MR 
imaging in the staging of prostatic cancer. It provides a balanced 
review of the proper role of this imaging technique. 

This volume of RSNA Today Video successfully exploits those 
advantages that videotape has over print. The radiologic images and 
the diagrams are high quality. The integration of live action, including 
craniotomy, is quite effective. This tape uses a group discussion to 
good advantage. This particular edition compares well with previous 
videotapes in this series and with others in the field. | recommend it 
unreservedly. 


J. Eric Blum 
Akron City Hospital 
Akron, OH 44309-2090 
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MR Imaging in Adenocarcinoma of 
the Prostate: Interobserver Variation 
and Efficacy for Determining Stage C 
Disease 





Patients with adenocarcinoma of the prostate confined to the gland (stage B) are 
candidates for a potentially curative surgical procedure (radical retropubic prostatec- 
tomy). However, patients with adenocarcinoma that penetrates the capsule or invades 
the seminal vesicles (stage C) are no longer considered good candidates for surgical 
cure of their disease. The purpose of this study was to compare the ability of four 
radiologists to detect stage C disease on MR images and to evaluate interobserver 
variability. One hundred consecutive MR studies of the prostate were reviewed inde- 
pendently by four radiologists to determine whether the cancer was stage C (capsule 
penetration or seminal vesicle invasion by tumor). A radical prostatectomy was per- 
formed in each case, and careful histologic assessment was made of the prostatic 
capsule and seminal vesicles for any evidence of stage C disease. The sensitivity, 
specificity, and accuracy (true-positive + true-negative/100 patients) in detecting stage 
C disease were calculated for each of the four readers. Four receiver-operating- 
characteristic curves were generated and compared by means of the univariate z score. 
Percentage agreement was calculated for five specific areas of the prostate on MR 
images, and observations made by the best reader were compared with the other three 
to help determine interreader variability. The results showed that the sensitivity and 
specificity of MR imaging in detecting stage C disease ranged from .24 to .61 (mean, 
-48) and .49 to .79 (mean, .66), respectively. The accuracy of MR imaging ranged from 
.47 to .61 (mean, .55). The univariate z score test showed that one of the readers 
significantly differed from the other three. The average percentage agreement between 
that reader and the other three was 70% for the five separate anatomic regions. 

This study shows that considerable interobserver variation exists in the interpretation 
of MR images for staging cancer of the prostate. The average accuracy among four 
radiologists in determining the presence of stage C adenocarcinoma of the prostate 
from MR images was only slightly above a chance guess at .55. 
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Adenocarcinoma of the prostate is an important cause of death for men more 
than 50 years old [1]. With early detection, surgical resection is curative [2]. If 
disease can be shown to have extended beyond the capsule of the prostate, 
radiation therapy is usually preferred over surgery. An important debate centers 
around the efficacy of MR imaging for staging prostatic adenocarcinoma [3-7]. 

We sought to answer two questions with this study: first, What is the efficacy of 
MR imaging in identifying stage C disease of adenocarcinoma of the prostate? and 
second, What is the interobserver variability among radiologists in interpreting 
prostatic MR images? In addressing the first question we used the results of 
histopathologic studies as the gold standard against which the MR findings were 
judged. The second question was addressed by comparing the readings of the 
best reader in five specific areas on MR images (periprostatic fat, integrity of the 
true prostatic capsule, periprostatic venous plexus, peripheral zone, and seminal 
vesicles) against the readings of the other three for agreement as to whether each 
region was normal or abnormal. 
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Materials and Methods 


Pelvic MR examinations in 100 consecutive patients who subse- 
quently had radical retropubic prostatectomies were reviewed inde- 
pendently by four experienced radiologists. The mean age of the 
patients was 63 years. The criteria for doing a radical retropubic 
prostatectomy in these patients were as follows: digital examination 
of the prostate was consistent with disease confined to the gland, 
bone scan was normal, no lymph nodes were apparent on MR 
images, and patient had a 15-year or greater life expectancy. 

All MR examinations were performed on a GE 1.5-T magnet with 
a body coil. The following pulse sequences and imaging planes were 
used: (1) axial T2-weighted (2000/20, 80[TR/TE]) spin-echo images, 
5-mm-thick sections, two excitations, interleaved (no gap), 128 x 
256 matrix, 28-cm field of view; (2) axial T1-weighted (600/20) spin- 
echo images, 5-mm-thick sections, two excitations, 128 x 256 matrix; 
(3) coronal T1-weighted (600/20) spin-echo images, 5-mm-thick sec- 
tions, two excitations, 128 x 256 matrix. All patients were imaged 
with the same pulse sequences and same software. No other pulse 
sequences were tried. The films obtained with this method were 
usually of high quality. 

The degree of capsular invasion was determined by pathologic 
examination of the surgical specimens (0.5-10.0 mm capsular pene- 
tration was recorded). These were the minimum and maximum de- 
tected values for capsular penetration found histopathologically in 
this series. These patients were also part of the National Cancer 
Institute's Radiologic Diagnostic Oncology Group (RDOG) for the MR 
staging of prostatic cancer ongoing at Johns Hopkins University. 
Although some of the same patients and the same pathologic method 
for determining capsular penetration were used, this study differs 
significantly from the recent report published by Rifkin et al. [7]. Our 
study compares the findings of four experienced radiologists who 
interpreted the same 100 MR studies from a single institution, 
whereas in the Radiologic Diagnostic Oncology Group study [7], only 
one radiologist interpreted almost 200 MR studies from four different 
centers. 

The MR studies were independently reviewed by each radiologist 
during a 1- or 2-day period. They had no clinical information other 
than that the patient had biopsy proved cancer of the prostate. Each 
MR study consisted of approximately 10 sheets of 14” x 17” film 
with nine images per film. 

To assess interobserver variability in interpreting the prostatic MR 
images, we asked each radiologist to make the following specific 
observations: presence of peripheral zone tumor nodules; obstructed, 
invaded, or hemorrhagic seminal vesicles; integrity of the true pros- 
tatic capsule; and integrity of the periprostatic fat and periprostatic 
venous plexus. In addition, we assessed the presence of pelvic or 
periaortic lymphadenopathy and abnormalities of the bones of the 
pelvis. Internal and external iliac lymphadenopathy were not distin- 
guished. Each finding was classified as normal = 1, probably normal 
= 2, possibly abnormal = 3, probably abnormal = 4, or abnormal = 
5. A scale from 0% to 100% was also marked for each radiologist’s 
confidence level about whether or not extracapsular disease was 
present for each case. (All these observations are commonly made 
when evaluating a patient for stage C and/or stage D adenocarcinoma 
disease of the prostate.) 

Each reader used his or her own criteria for determining whether 
the MR images showed subtle capsular deformity or periprostatic fat 
invasion. The presence of low-signal-intensity nodules disturbing the 
capsule or the periprostatic venous plexus in the peripheral zone on 
the SE 2500/80 images was the criterion we used for the presence 
of extracapsular disease. The seminal vesicles were considered 
invaded with tumor if they had low signal intensity on the SE 2500/ 
80 images and if there was also no evidence of hemorrhage on the 
T1-weighted images. Although each finding was originally graded 1- 
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5, with 5 corresponding to definitely abnormal, for the purposes of 
this analysis the findings were considered as normal (1-2) or abnormal 
(3-5). 

The results of the four radiologists’ interpretations were entered 
into a computer data base (Statistical Analysis Package-SAS Institute, 
Cary, NC). The receiver-operating-characteristic (ROC) curves were 
plotted by a graphics design program (Kaleidagraph, Abelbeck Soft- 
ware, Synergy Software, Reading, PA). ROC curves were generated 
by using the confidence rating given by each reader as to the 
probability of the presence of extracapsular disease. The 100% scale 
was divided into 10 percentile groups for plotting the true-positive 
fraction against the false-positive fraction. A univariate z score test 
of the difference between the areas under the curves was used to 
compare curves (the Macintosh ROC CORROC2 programs by Metz, 
U. Chicago, 1991). Each observer's curve was tested against every 
other observer's curve by using the univariate z score. 

All radical retropubic prostatectomy specimens were fixed in for- 
malin and serially sectioned in the axial plane at 3-mm increments. 
Each 3-mm axial slice was then marked for appropriate orientation 
(right, left, anterior, posterior, superior, inferior) and embedded and 
stained with hematoxylin and eosin. The positions of cancer nodules 
greater than 5 mm in diameter were drawn on a data sheet. The 
depth of capsular penetration by the tumor was recorded in millime- 
ters. Thus, each positive margin was defined by how much disease 
penetrated the capsular margin in millimeters when each specimen’s 
slides were evaluated histopathologically. Seminal vesicle involve- 
ment or peritumoral invasion of the seminal vesicles was recorded, 
along with any lymph node involvement. MR interpretations were 
compared with the pathologic results to determine true-positive, false- 
positive, true-negative, and false-negative MR interpretations. True- 
positive interpretations both correctly determined the presence of, 
and correctly identified the side of, the capsular penetration, seminal 
vesicle invasion, and/or lymphadenopathy found during the histo- 
pathologic examinations. 


Results 


Extracapsular disease was found at histopathologic ex- 
amination in 61 cases (disease prevalence, 61%). Twelve of 
the 61 patients with extracapsular disease had pathologic 
evidence of tumor penetration of more than 3 mm through 
the true capsule. 


TRUE 0.6 
POSITIVE 
RATE 94 





0 0.2 0.4 0.6 0.8 1 
FALSE POSITIVE RATE 


Fig. 1.—Receiver-operating-characteristic curves for four experienced 
radiologists evaluating 100 MR images of the prostate for the presence of 
extracapsular extension of tumor (X = reader 1, diamond = reader 2, circle 
= reader 3, and square = reader 4). This evaluation included all 61 cases 
of capsular penetration and/or seminal vesicle invasion (0.5-10 mm). 
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The ROC curves generated for the four radiologists in this 
study are shown in Figure 1. There was no difference between 
the curves for three interpreters (1 vs 3, p = .37; 1 vs 2, p = 
.88; 2 vs 3, p = .29). The fourth differed from the other three 
3 (p = .03, .05, and .001, respectively), and had the curve 
closest to the diagonal on the curve (e.g., the poorest accu- 
racy). 
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Fig. 2.—Receiver-operating-characteristic curves for the same four 
radiologists charted in Fig. 1 plot MR evaluations of only those 12 lesions 
with pathologically proved extracapsular extension of more than 3 mm (X 
= reader 1, diamond = reader 2, circle = reader 3, square = reader 4). 


TABLE 1: Results of MR Image Interpretations® 





Interpreter All Inter- 
Results preters 
1 2 3 4 Combined 
True-positive 37 35 28 18 118 
True-negative 24 19 31 29 103 
False-positive 15 20 8 10 53 
False-negative 24 26 33 43 126 
Sensitivity 61 57 46 29 48 
Specificity 61 49 79 74 .66 
Positive predictive 71 64 78 64 .69 
value 
Negative predictive .50 42 48 40 45 
value 
Accuracy (95%) 61 54 59 47 55 


(Confidence levels) 


(.51-.71)(.44-.64)(.49-.69)(.37-.57) (.45-.65) 





* These results reflect the ability of four experienced radiologists to find 


extraprostatic disease in 100 patients with adenocarcinoma of the prostate 
preoperatively using MR imaging. Images were carefully evaluated for evidence 
of capsule penetration and/or seminal vesicle invasion. 
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Repeated ROC curves drawn from data on only those 12 
lesions with pathologically proved capsular penetration of 
more than 3 mm showed just modest improvement in the 
ability of these four interpreters to determine accurately the 
presence of extracapsular disease (Fig. 2). 

The overall sensitivity and specificity in determining the 
presence or absence of advanced disease for the four inter- 
preters are presented in Table 1, which was generated by 
using the numbers obtained when each interpreter’s confi- 
dence level for extracapsular disease was 50% or greater. 
Sensitivities among the four readers ranged from .29 to .61, 
with a mean of .48. Specificities ranged from .49 to .79, with 
a mean of .66. The mean accuracy for the four readers was 
only .55. 

Table 2 shows the percentage agreement among three 
interpreters when compared with the fourth for the five major 
variables described earlier. The overall agreement was 70%. 
Agreement was consistently lower in the evaluation of the 
peripheral zone, and highest for the left periprostatic venous 
plexus. Agreement ranged from 57% to 80%. The average 
agreement ranged from 63% to 79%. Except for the seminal 
vesicles, agreement was higher in evaluations of the left side 
than in the right, especially for interpreters 3 and 4. 

The mean values for the sensitivity, specificity, positive 
predictive value, and negative predictive value of four readers 
in determining penetrating disease of the prostatic capsule by 
tumor were .35, .78, .46, and .68, respectively, for the right 
capsule and .38, .80, .54, and .71, respectively, for the left 
prostatic capsule. The mean values for the sensitivity, speci- 
ficity, positive predictive value, and negative predictive value 
of four readers in determining invasion of the seminal vesicles 
by tumor were .22, .90, .32, and .92, respectively, for the 
right seminal vesicle and .30, .85, .17, and .93, respectively, 
for the left seminal vesicle. 


Discussion 


These results are worse than those produced by the RDOG 
study, which showed that body-coil MR imaging was .69 
accurate, with a sensitivity of .77 and a specificity of .57 for 
the determination of advanced prostatic adenocarcinoma by 
a single radiologist [7]. This may be because our study used 
four radiologists rather than one and that our study population 
consisted of less than half the patients in the RDOG study. 
However, our results confirm the conclusions drawn from the 


TABLE 2: Percentage Agreement Between Reader 1 and Readers 2, 3, and 4 





Interpreter Fat-R Fat-L PZ-R PZ-L Cap-R Cap-L PPVP-R PPVP-L SV-R SV-L Mean% 


2 70 73 64 69 68 
3 73 75 67 70 69 
4 64 76 59 60 61 


Mean% 69 75 63 66 66 


70 78 80 76 73 ve 
72 68 77 57 57 69 
75 — — 79 72 68 
72 73 79 71 67 70 





Note.—Fat-R = right periprostatic fat, Fat-L = left periprostatic fat, PZ-R = right peripheral zone, PZ-L = left 
peripheral zone, Cap-R = capsule on the right, Cap-L = capsule on the left, PPVP-R = periprostatic venous plexus 
on the right, PPVP-L = periprostatic venous plexus on the left, SV-R = invasive disease of right seminal vesicle, SV- 


L = invasive disease of left seminal vesicle. 
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RDOG study—that microscopic disease cannot be identified 
by MR imaging. We have also shown that radiologists are not 
all alike in their ability to stage adenocarcinoma by reading 
MR images, as one of the readers had a statistically different 
z score than the other three. 

Interobserver variation was measured by the percentage 
agreement for five areas of the prostate on MR images: 
amount of central zone benign prostate hypertrophy, periph- 
eral zone of the prostate, periprostatic fat, the periprostatic 
venous plexus, and the seminal vesicles (Table 2). The read- 
ers showed an overall agreement of 70%. Surprisingly, eval- 
uation of the seminal vesicles was also poor in the examina- 
tion, with the positive predictive value among the four readers 
at .32 for the right seminal vesicle and .17 for the left seminal 
vesicle. Some of these false-positive readings were due to 
median lobe benign prostatic hypertrophy, which can have a 
low-signal-intensity bulge in the center of the seminal vesicles 
on axial MR images and thus may be confused with a tumor 
nodule. 

One limitation of this study is that the MR imaging tech- 
niques used are no longer state-of-the-art. Only transaxial 
images were obtained owing to the overall imaging time 
constraints of 1 1/2 hr. Sagittal T2-weighted images were not 
done, and these images may have helped to differentiate low- 
signal-intensity median lobe benign prostatic hypertrophy 
from tumor growing into the seminal vesicles in some cases. 
In addition, a 28-cm field of view was used instead of 24 cm, 
which would have improved the in-plane resolution. Also, no 
fat-saturation pulses were used to help with the fine detail of 
extracapsular penetration, and no respiratory compensation 
was used to help decrease the amount of respiratory ghost 
artifacts. 

An important question is, How extensive does the tumor 
invasion of the capsule have to be before it can be accurately 
detected on MR images? In this series, the detection of stage 
C disease had low accuracy even when limited to those 
tumors that had pathologically proved extracapsular disease 
of greater than 3 mm (Fig. 2). Thus, for routine imaging, even 
large tumor nodules transgressing the capsule may be missed 
by body-coil MR imaging. It should be noted that most of the 
advanced cases in this series (49/61) had extracapsular dis- 
ease of less than 3 mm in size. This extent of disease is 
difficult to detect accurately as shown in both this series and 
the RDOG series [7]. 
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Another important question is how the presence of a small 
amount of capsular penetration by tumor relates to the prog- 
nosis of the disease in patients having radical retropubic 
prostatectomies. In this series, more than 60% of these 
patients had extracapsular disease. 

The patients included in our study were highly selected. 
They were all treated surgically because they had been shown 
to have limited disease by clinical assessment, bone radio- 
scintigraphy, and MR imaging. They may differ from patients 
in other studies with regard to the prevalence of extracapsular 
disease and the criteria used for surgery. 

To be useful in staging prostatic carcinoma preoperatively, 
a testing procedure cannot have a high percentage of false- 
positive results among observers. False-positive interpreta- 
tions will deny potentially curable patients surgery. Since 
false-negative readings of MR images are inevitable because 
of the inability of MR to detect microscopic extracapsular 
disease, it is important to know what positive predictive value 
MR has for an individual radiologist. In one high-prevalence 
sample, the positive predictive value (true-positive/true- 
negative + false-negative) for one interpreter was only .68 
[6]. As the prevalence decreases, the positive predictive value 
should also decrease. 

In this study, MR imaging was not an accurate technique 
for detecting stage C disease of adenocarcinoma of the 
prostate. 


REFERENCES 


1. Silverberg E, Boring CC, Squires TS. Cancer statistics 1990. CA 
1990;40:9-26 

2. Jewitt HM, Bridge RW, Gray GF Jr, Shelley WM. The palpable nodule of 
prostate cancer: results in 15 years after radical excision. JAMA 
1968;203: 115-120 

3. Bezzi M, Kressel HY, Allen KS, et al. Prostatic carcinoma: staging with MR 
imaging at 1.5 T. Radiology 1988;169:339-346 

4. Biondetti PR, Lee JKT, Ling D, Catalone WJ. Clinical stage B prostate 
carcinoma: staging with MR imaging. Radiology 1987;162:325-329 

5. Hricak H, Dooms GC, Jeffrey RB Jr, et al. Prostatic carcinoma: staging by 
Clinical assessment, CT, and MR imaging. Radiology 1987;162:331-336 

6. McSherry S, Levy F, Schiebler M, et al. Preoperative prediction of prostate 
tumor volume and stage in clinically localized prostate cancer: comparison 
of digital rectal exam, transrectal ultrasound, and magnetic resonance 
imaging. Urology 1991;146:85-89 

7. Rifkin MD, Zerhouni EA, Gatsonis CA, et al. Comparison of magnetic 
resonance imaging and ultrasonography in staging early prostate cancer: 
results of a multicenter trial. N Engi J Med 1990;10:612-616 


The reader's attention is directed to the commentary on this article, which appears on the following page. 
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Commentary 





MR Imaging in Adenocarcinoma of the Prostate in Stage C 
Disease 


Joseph D. Schmidt’ 


The recently increased interest in and enthusiasm for radical 
prostatectomy in treating clinically localized prostatic cancer 
has resulted in a corresponding increase in the number of 
specimens in which positive margins and extraprostatic dis- 
ease are found on careful histologic examination. The post- 
operative care of such patients is controversial, with camps 
focused on adjuvant radiotherapy, adjuvant endocrine ther- 
apy, or watchful waiting. In the series reported by Schiebler 
et al. [1], 61% of their patients thought to have clinically 
localized prostatic cancer (clinical stages B1 and B2) in fact 
had extraprostatic disease, and 12 patients (20% of the 
pathologic stage C patients) had extracapsular extension of 
greater than 3.0 mm. 

An imaging study that accurately predicts extraprostatic 
disease would allow a cogent argument against radical pros- 
tatectomy as it is currently practiced, since the chances of 
surgical cure when extraprostatic disease is present would 
be further reduced. Instead, such patients would be advised 
to have extended-field external-beam irradiation or endocrine 
therapy. Another potential use for an accurate imaging study 
would be as an indicator for preliminary endocrine therapy 
(downstaging, or downsizing via total androgen deprivation) 
in an attempt to shrink the primary tumor and make subse- 
quent radical surgery or irradiation therapy more likely to be 
Curative. Naturally, MR studies obtained before and after 
downsizing would be required to prove this hypothesis cor- 
rect. 

Schiebler et al. note that microscopic disease is undetect- 
able by MR, or by any other imaging studies (e.g., transrectal 
sonography, CT scanning), and that pelvic MR imaging is 
really a poor method for looking at extraprostatic disease and 
should be replaced with the endorectal-coil MR imaging tech- 


This article is a commentary on the preceding article by Schiebler et al. 


nique. Nevertheless, the authors report a relatively poor sen- 
sitivity, specificity, and accuracy among radiologists trying to 
identify extraprostatic disease on pelvic MR images. The 
overall interobserver agreement of 70% needs to be com- 
pared with differences among readers in interpreting findings 
from other imaging techniques. There was only minimal im- 
provement in interobserver agreement in regard to patients 
with extraprostatic disease of greater than 3 mm in size. 
Intraobserver variability has been recognized for years, as 
exemplified by surgical-pathologic interpretation of grading 
(Gleason system) of prostatic cancer on the same specimens 
over time. 

One area not addressed by the authors is that of the artifact 
on the MR study caused by recent prostatic needle biopsy. 
Since patients with suspected prostatic cancer are subject to 
many needle biopsies, ranging from two to eight throughout 
the gland, the associated hematoma and reaction, plus con- 
comitant benign disease, can interfere with interpretation of 
the study. Such changes from biopsies may not resolve for 
many weeks. Performing an MR study before biopsy, on the 
other hand, is not practical, cost-effective, or ethical, since 
patients with negative findings on biopsies would constitute 
up to 50% of the series. 

In summary, | agree with the authors’ conclusion that body- 
coil MR imaging is not accurate for the determination of early 
prostatic cancer. | look forward to a similar evaluation of the 
endorectal-coil MR imaging technique. 
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Book Review 





Clinical Magnetic Resonance. Imaging and Spectroscopy. By E. Raymond Andrew, Graeme Bydder, John 
Griffiths, Richard lles, and Peter Styles. New York: Wiley, 220 pp., 1990. $59.95 


This book is based on a course on MR imaging and MR spectros- 
copy that has been running in London since 1980. The book is divided 
into 10 chapters. Five are about MR imaging, three are devoted to 
spectroscopy, and the final two have to do with installations, safety 
of operations, and some practical aspects of MR imaging. 

Most of the chapters on basic theory were written by Raymond 
Andrew from the University of Knottingham. Graeme Bydder of the 
Hammersmith Hospital, London, contributed much of the clinical 
material. Richard lles and John Griffiths were involved with the 
spectroscopy. Peter Stiles, physicist and engineer, was a regular 
teacher in the course and covered much of the practical aspects of 
instrumentation. 

It is the intention of the authors to discuss principles and practical 
aspects of physics of the MR phenomenon, giving equal weight to 
the imaging and spectroscopy applications. No attempt has been 
made to cover disease entities systematically. The clinical examples 
used were selected to demonstrate principles rather than the entire 
pathologic spectrum. The clinical entities discussed in chapter 5 are 
best described as an overview. 

As with any book written by more than one author, differences in 
style are readily apparent. Illustrations and diagrams are used liberally 
throughout. They are not complicated or difficult to follow. 

Chapters 1 and 2, introduction to MR and theory of MR, provide 
an excellent review of the entire MR phenomenon. My only minor 
criticism is that some of the more difficult concepts are given the 
shortest description; for example, information on two-dimensional 
Fourier transformations together with phase and coding takes up 
approximately two pages. Nevertheless, the information that is cov- 
ered is correct and concisely written. 

One of the delightful things about the first few chapters is the way 
references are handled. They are not merely listed; but in some 
cases, the author editorializes as to which references cover a partic- 
ular aspect he was interested in. This innovation is particularly helpful 
concerning reading suggestions. The chapters on spectroscopy have 
more standard reference lists, without the editorial remarks. 

Chapter 4, on image choice and interpretation, is rather disappoint- 
ing. It starts with a discussion of the differences between spectros- 


copy and imaging, which is well done. However, by the time the 
author begins to cover susceptibility effects, diffusion imaging, res- 
piratory gating, and pulsatile flow, only a well-versed MR imager 
could grasp the concepts. The pulsing sequences discussed reflect 
the 1990 publishing date. More information on gradient-echo and 
other new fast pulsing sequences would be appreciated. 

The chapters on the principles of MR spectroscopy are clearly 
written and provide a background of information sufficient for further 
reading on the clinical applications of this technique. The discussions 
on the clinical applications give a rather honest appraisal of the state 
of the art. Work that has been done in oncology and in physiology is 
reviewed. Applications are clearly outlined as well as the problems 
that are anticipated and encountered in cardiac spectroscopy. 

The final chapters of the book cover subjects such as surface 
coils, magnet installation, and safe operations. Some of the practical 
aspects such as suite design, patient preparation, and so forth are 
also considered. 

In summary, this book is an excellent introduction to MR imaging 
and MR spectroscopy. It could also serve nicely as a history of the 
fields, with excellent bibliographies of important previous articles. It 
does not have detailed discussions or state-of-the-art information. Its 
informational content is not necessarily superior to that of other 
introductory books on MR; however, the style of writing of the authors 
of this book is excellent. 

| recommend the book to medical students and beginning residents 
who have not had any exposure to MR imaging or MR spectroscopy. 
It would serve as an excellent introduction to MR for radiologists and 
other clinicians who received their training in medicine before the MR 
era. The information is not detailed enough for someone who is 
planning an MR installation or for a clinician who needs specific MR 
data on disease entities. 
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Myometrial Invasion by 
Endometrial Carcinoma: 


Assessment by MR Imaging 





In patients with early-stage endometrial cancer, preoperative knowledge of myome- 
trial tumor extension has important prognostic and therapeutic implications. The purpose 
of this prospective study was to determine the sensitivity and specificity of MR imaging 
for assessing the depth of myometrial invasion in patients with endometrial cancer that 
clinically was thought to be confined to the uterine corpus. Sixty-five consecutive 
patients were included in the study. All patients had MR imaging before radical surgery. 
MR imaging findings were compared with microscopic pathologic findings in all cases. 
On MR images and at histologic analysis, myometrial invasion was classified as absent 
(tumor confined to the endometrium), superficial (less than 50% of myometrial thick- 
ness), or deep (50% or more of myometrial thickness). At histologic examination, tumor 
limited to the endometrium was proved in 14 cases, superficial myometrial invasion by 
tumor was present in 34 cases, and deep tumor invasion was demonstrated in 17 cases. 
In determining the presence of tumor confined to the endometrium, MR imaging had a 
sensitivity of 57% and a specificity of 96%. In the assessment of tumor with superficial 
myometrial invasion, MR imaging had a sensitivity and a specificity of 74%, whereas in 
assessing deep myometrial penetration, the sensitivity and specificity of MR were 88% 
and 85%, respectively. Errors in MR interpretation when determining myometrial tumor 
spread were more frequently overestimations rather than underestimations. 

Our results indicate that MR imaging is useful for the preoperative assessment of 
myometrial invasion in patients with proved endometrial cancer. 


AJR 158:565-569, March 1992 


Endometrial cancer is currently the most common malignancy arising in the 
female genital tract [1]. Most cases are first seen in the early stage, probably 
because of symptomatic abnormal bleeding [2]. Even with disease apparently 
limited to the uterus, survival may be adversely affected by several factors, including 
histologic tumor grade and depth of myometrial tumor penetration, both of which 
correlate with the prevalence of lymph node metastasis [3]. The histology of the 
cancer and grade may be determined at the time of diagnostic curettage, whereas 
myometrial invasion can be evaluated definitively only on examination of the uterine 
specimen. However, preoperative knowledge of the presence and depth of my- 
ometrial invasion could be of great importance in planning treatment [4]. 

In previous studies [5-12], the roles of CT and sonography in staging endometrial 
cancer have been investigated. Both these imaging techniques proved to be helpful 
in staging the disease. Recently, however, several reports have suggested that 
MR imaging may be the preferred diagnostic method for pretreatment staging of 
endometrial cancer [13-19]. 

This prospective study was designed to determine the sensitivity and specificity 
of MR imaging in assessing myometrial invasion in patients with clinical early-stage 
endometrial cancer. 
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Subjects and Methods 


Seventy-three consecutive patients with primary untreated endo- 
metrial carcinoma were considered for inclusion in this prospective 
study. All patients were referred for MR imaging after histologic 
diagnosis of the disease by means of fractional dilatation and curett- 
age (D & C). The mean time between D & C and MR imaging was 17 
+ 3 days. All patients were clinically considered to have stage | 
disease (tumor confined to the uterine corpus), according to the 
staging classification of the International Federation of Gynecology 
and Obstetrics (FIGO). Patients with higher stages of disease as 
determined by clinical examination were excluded from this study. 
Eight patients who entered the study had to be excluded because of 
an incomplete MR examination or refusal of surgery. The remaining 
65 patients, aged 35-77 years, form the basis of this report. Fifty-six 
patients were postmenopausal and nine were premenopausal. 

MR imaging was performed with a 0.5-T superconducting magnet 
(MRT 50-A, Toshiba Medical Systems, Tokyo, Japan). Data were 
collected with the use of a 256 x 256 matrix and were displayed in 
a 512 x 512 matrix. The section thickness was 5 mm with an 
intersection gap of 1 mm. Spin-echo (SE) technique was used with 
sequences of 500/20 (TR/TE) for T1-weighted images and 2000/90 
for T2-weighted images. Two acquisitions were used for both T1- 
weighted and T2-weighted images. Imaging times were 7.3 min for 
T1-weighted images and 17.4 min for T2-weighted images. T1- 
weighted images were acquired in the transverse plane, whereas T2- 
weighted images were obtained in both transverse and sagittal 
planes. 

MR images were interpreted prospectively by two radiologists who 
had no knowledge of the final pathologic results. No clinical informa- 
tion, other than the diagnosis of primary endometrial cancer, was 
available at the time of analysis. In 60 of 65 cases, the two observers 
agreed about the level of myometrial tumor extension; in five cases 
they disagreed. In these five cases, the opinion of the more experi- 
enced observer, who was preselected to dominate in case of disa- 
greement, was adopted. 

According to previous reports [13-18], SE images with long TR/ 
TE (T2-weighted images) were considered essential for optimal eval- 
uation of the extent of tumor. Myometrial tumor extension was 
evaluated on T2-weighted images in the same plane (transverse) in 
which the hysterectomy specimens were then sectioned and exam- 
ined by the pathologist. On T2-weighted images, the presence of 
tumor limited to the endometrium was indicated when the low-signal- 
intensity band around the tumor (junctional zone) appeared to be 
intact. Myometrial invasion was detected on T2-weighted images by 
disruption or discontinuity of the junctional zone and by the extent of 
the high-signal-intensity tumor in the myometrium. In the patients in 
whom the junctional zone was not visible on MR images, the presence 
of a smooth endometrium-myometrium interface was considered a 
reliable indication of noninvasive tumor; conversely, an irregular en- 
dometrium-myometrium interface was considered an MR finding sug- 
gesting myometrial invasion. These MR imaging criteria were derived 
from previously published data [13-18]. The amount of myometrial 
invasion was estimated on T2-weighted images by measuring and 
recording two parameters: (1) the shortest distance from the advanc- 
ing edge of the tumor to the uterine serosa and (2) the total thickness 
of the myometrial wall. The level of invasion was then reported as a 
percentage of the myometrial wall. This method for determining the 
depth of myometrial invasion on MR images was derived from pre- 
vious studies [14]. Myometrial tumor spread was Classified as absent 
(tumor limited to the endometrium) (FIGO stage IA), superficial (if less 
than 50% of the myometrium was involved) (FIGO stage IB), or deep 
(if 50% or more of the myometrium was involved) (FIGO stage IC). 

The pathologic specimens were obtained by means of total abdom- 
inal hysterectomy, which was performed within 1 week of the MR 
study in all cases. The hysterectomy specimens were examined by a 
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pathologist without reference to the MR images. For pathologic 
studies, the uterus was sectioned, from the level of the cornua to the 
internal os, in the same plane (transverse) as the MR images were 
made; the mean thickness of the pathologic slices was 5 um. Depth 
of myometrial invasion was estimated microscopically with the use of 
an optic calibrator. To facilitate accurate correlation with imaging 
findings, the amount of myometrial invasion was established at path- 
ologic examination by measuring the same parameters calculated on 
MR images. At pathologic examination, tumor invasion was ex- 
pressed as a percentage of the myometrial wall, and was classified 
as absent (tumor confined to the endometrium, stage IA), superficial 
(tumor invading less than 50% of the myometrial thickness, stage 
IB), or deep (tumor invading 50% or more of the myometrial thickness, 
stage IC). 

The sensitivity, specificity, and positive and negative predictive 
values of MR imaging in assessing the level of myometrial tumor 
spread were calculated [20]; 95% confidence intervals for the pro- 
portions were also estimated [21]. The overall sensitivity of MR 
imaging for correct staging of myometrial invasion was calculated by 
dividing the total number of correct estimations by the total number 
of cases [20]. Because the exact percentage of invasion was calcu- 
lated on MR images and pathologic specimens for each patient, it 
was possible to perform a linear regression analysis and determine 
the Pearson's coefficient (r value) for the correlation between MR 
imaging and histologic measurements of myometrial invasion [20]. 


Results 


The results of linear regression analysis for myometrial 
invasion at MR imaging vs histologic evaluation are displayed 
in Figure 1. The graph shows the MR tendency for overesti- 
mation of tumor invasion, giving a correlation coefficient of 
921. 

In 10 of 65 cases, MR imaging indicated the presence of 
tumor confined to the endometrium (stage IA disease) (Table 
1). Histologic analysis confirmed the absence of myometrial 
invasion in eight of these 10 cases; in the remaining two 
cases, minimal invasion of the inner half of the myometrium 
was proved histologically (Fig. 2A). Of the 10 patients in 
whom the presence of noninvasive tumor was determined on 
MR images, an intact junctional zone was detected clearly in 
only three premenopausal patients; in these three cases, the 
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Fig. 1.—Correlation between MR imaging and histologic measurements 
of myometrial tumor invasion. Measurements of invasion are reported as 
percentages of total thickness of myometrial wall. 


tumor was correctly assessed on MR images as limited to 
the endometrium (Fig. 2B). 

In 33 of 65 cases, superficial myometrial invasion (stage IB 
disease) was identified on MR images (Table 1). At histologic 
examination, superficial invasion was confirmed in 25 of these 
33 cases. Of the other eight cases, six had tumor limited to 
the endometrium at pathologic study; in two of these six 
cases, a senile atrophic myometrium was found, and in four 
Cases a large amount of clotted blood that distended the 
uterine lumen was revealed on pathologic examination (Fig. 
3A). In the remaining two cases, deep invasion was proved 


TABLE 1: Depth of Myometrial Invasion in Stage | Endometrial 
Carcinoma: Comparison of MR Imaging and Histologic Findings 
SS SS he EEE ae = es eee ee 





Histol 
MR Imaging = 
IA IB IC Total 
IA 8 2 0 10 
IB 6 25 2 33 
IC 0 7 15 22 
Total 14 34 1 65 


Fig. 2.—Tumor limited to endome- 
trium on MR images. 

A, Axial MR image (SE 2000/90) in 
58-year-old-woman shows high-inten- 
sity tumor (T) and smooth endome- 
trium-myometrium interface. Patho- 
logic examination revealed that tumor 
was understaged on basis of MR find- 
ings; minimal invasion of inner half of 
myometrium was found histologically. 

B, Axial MR image (SE 2000/90) in 
37-year-old-woman shows intact junc- 
tional zone (arrows). Histologic analy- 
sis confirmed that tumor was limited to 
endometrium. 


Fig. 3.—Superficially invasive tumor 
on MR images. 

A, Axial MR image (SE 2000/90) in 
73-year-old-woman shows enlarge- 
ment of uterus with marked thinning of 
myometrial wall, which appears to be 
superficially invaded by tumor (ar- 
rows). Histologic examination revealed 
that tumor was overstaged on basis of 
MR findings; pathologic examination 
showed that uterine cavity was filled 
with blood clots, and myometrium was 
not involved by tumor. 

B, Axial MR image (SE 2000/90) in 
39-year-old-woman shows junctional 
zone segmentally disrupted by tumor, 
which invades inner portion of myo- 
metrium (arrows). At pathologic exam- 
ination, superficial myometrial invasion 
was confirmed. 


histologically. These two patients had leiomyomas (1.9-3.2 
cm in diameter), which were detected on MR images and then 
confirmed at pathologic examination. Of the 33 cases in which 
MR imaging indicated the presence of superficial invasion, a 
junctional zone segmentally disrupted by tumor was visible in 
only five premenopausal patients; in these five cases, no 
errors were made with MR imaging in assessing the level of 
invasion (Fig. 3B). 

In 22 of 65 cases, deep myometrial invasion (stage IC 
disease) was determined on the basis of MR findings (Table 
1). Deep tumor invasion was confirmed histologically in 15 of 
these 22 cases (Fig. 4A). In the other seven cases, only 
superficial invasion was found at histologic analysis. In six of 
these cases, polypoid tumor growth was found on pathologic 
examination (Fig. 4B); in the remaining case, a thin layer of 
adenomyosis over the tumor edge was found on histologic 
examination. In none of the patients in whom deep invasion 
was suspected on MR images was the junctional zone iden- 
tified. 

Overall, 14 cases with no myometrial invasion, 34 cases 
with superficial invasion, and 17 cases with deep tumor 
penetration were found at histologic analysis (Table 1). The 
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TABLE 2: Indexes of the Accuracy of MR Imaging for Correct 
Determination of Myometrial Invasion in Stage | Endometrial 
Carcinoma 





we alas Positive Negative 
Stage Sensitivity Specificity Predictive Value Predictive Value 
IA 57 (41-70) 96 (85-99) 80 (44-96) 89 (77-95) 
IB 74 (55-86) 74 (55-87) 76 (58-88) 72 (68-86) 
IC 88(62-98) 85(71-97) 68 (45-85) 95 (82-99) 





Note.—All values are percentages; numbers in parentheses represent 95% 
confidence intervals. Overall sensitivity for correct staging = 74% (61-84%). 


sensitivity, specificity, and positive and negative predictive 
values of MR imaging in determining the level of myometrial 
invasion are given in Table 2. The overall sensitivity of MR 
imaging in assessing myometrial tumor spread was 74%. In 
total, 13 cases were overestimated and four were underesti- 
mated relative to the true pathologic results. In incorrect 
evaluations, the difference between MR imaging and patho- 
logic estimation of myometrial invasion was never greater 
than one class. In interpreting MR images, the two observers 
disagreed about the level of myometrial invasion in five cases. 
However, the observer who was preselected to dominate in 
cases of discrepancy correctly evaluated all these five cases 
as stage IB tumor, whereas the other observer understaged 
two of these cases and overstaged the remaining three. 


Discussion 


In recent years, endometrial carcinoma has become the 
most common gynecologic malignancy [1]. In most series, 
about 80% of patients are first seen with early-stage disease 
[2]. In these cases, preoperative knowledge of myometrial 
tumor extension, which is a reliable index of lymphatic spread, 
could play an important role in planning treatment [3, 4]. In 
fact, in patients without myometrial invasion, conventional 
radical surgery may be indicated, whereas in patients with 
superficial or deep invasion, who are at high risk for pelvic 
and paraaortic lymph node metastasis, preoperative radiation 
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Fig. 4.—Deeply invasive tumor on 
MR images. 

A, Axial MR image (SE 2000/90) in 
65-year-old-woman shows endome- 
trium-myometrium interface inter- 
rupted by high-intensity tumor, which 
extends into outer half of myometrium 
(arrows). These imaging findings were 
confirmed at pathologic examination. 

B, Axial MR image (SE 2000/90) in 
59-year-old-woman shows deep tumor 
invasion (arrows). Histologic examina- 
tion revealed that tumor was over- 
staged on basis of MR findings; the 
presence of polypoid tumor, which in- 
vaded only inner portion of myome- 
trium, was proved pathologically. 


therapy or more extensive surgery should be performed [2, 
4]. Unfortunately, accurate assessment of myometrial tumor 
spread still depends on postoperative pathologic evaluation 
of the hysterectomy specimens. 

In this report, the sensitivity and specificity of MR imaging 
in preoperatively determining the depth of myometrial invasion 
have been assessed in a large series of patients with clinical 
early-stage endometrial cancer. 

Our results indicate that in 48 of 65 cases, myometrial 
tumor extension was correctly determined by MR imaging 
relative to the true pathologic results. In the remaining 17 
patients, in whom MR estimation of myometrial invasion was 
not histologically confirmed, most MR imaging errors were 
overestimations. 

In 10 patients, the absence of myometrial invasion was 
determined on the basis of MR imaging findings; tumor con- 
fined to the endometrium was confirmed in all these patients 
but two, in whom minimal tumor spread into the inner half of 
the myometrium was found at pathologic study. These two 
MR imaging errors in the evaluation of tumor extension could 
be explained by the fact that the section thickness used was 
greater than the mean myometrial invasion that was histolog- 
ically proved. 

MR imaging indicated the presence of superficial invasion 
in 33 cases; however, in only 25 of these cases was invasion 
of the inner portion of the myometrium found at pathologic 
examination. In most of the remaining cases (six of eight), 
MR imaging overestimated the extent of tumor. In two of 
these cases, overestimation was related to the presence of a 
thin atrophic myometrium. In the other four cases, a large 
amount of clotted blood, which is not distinguishable from 
endometrial cancer on MR images [15], filled the uterine cavity 
and caused a thinning of the myometrial wall that probably 
led to an overestimation of tumor invasion. Also in previous 
studies [15], incorrect MR estimates of myometrial invasion 
were reported in cases in which blood clots distended the 
uterus. In our series, two cases of deeply invasive tumor 
were misdiagnosed as representing superficial invasion on 
MR images; in these cases, the presence of leiomyomas 


probably was a factor interfering with MR prediction of inva- 
sion. 

Deep tumor invasion was suspected on MR images in 22 
cases; imaging findings were confirmed at pathologic exami- 
nation in 15 of these cases. In the remaining seven cases, 
only superficial invasion was histologically proved. The pres- 
ence of polypoid tumors that induced marked deformation of 
the uterine cavity was mainly responsible for such MR errors. 
This confirms the results obtained by Gordon et al. [17], who 
also reported false-positive diagnoses of deep invasion with 
MR imaging when polypoid tumor growth was pathologically 
documented. Interestingly, a similar problem was found in 
other studies [8, 10-12] in which myometrial invasion was 
assessed with CT or sonography. 

In previous studies [22, 23], the origin of the junctional 
zone, which is observed as a low-intensity band on T2- 
weighted images, has been widely investigated. Scoutt et al. 
[24] and Brown et al. [25] have recently confirmed that the 
junctional zone represents the innermost layer of the myo- 
metrium, containing only smooth muscle cells. The same 
authors also found an increase in the number of cells per unit 
volume in the junctional zone compared with the myometrium 
proper, with a resulting decrease in extracellular matrix [24, 
25]. This may explain the hypointense MR appearance of the 
junctional zone on T2-weighted images, because smooth 
muscle has a short T2 [24]. Several previous reports sug- 
gested that the junctional zone is a useful landmark for 
determining the presence or absence of myometrial invasion 
on MR images. In our study, when the junctional zone was 
identified, myometrial tumor extension was correctly as- 
sessed in all cases. However, it is noteworthy that in our 
series the junctional zone was visible on MR images in only 
eight premenopausal patients. This confirms the experience 
of other investigators [15, 17], who suggested that the im- 
portance of the junctional zone in evaluating myometrial in- 
vasion is limited by the fact that it is identifiable mainly in 
premenopausal women, who represent a minority of patients, 
because endometrial cancer occurs predominantly in post- 
menopausal women. 

In this study, MR imaging had an overall sensitivity of 74% 
in determining the level of myometrial invasion. This confirms 
the results recently reported by Hricak et al. [19] in a multi- 
center study, in which a large series of patients with stage | 
endometrial cancer were evaluated with MR imaging. In 
agreement with the results of other authors [15], MR errors 
in determining myometrial invasion in our study were more 
frequently overestimations than underestimations. In our se- 
ries, almost all patients in whom tumor invasion was over- 
staged had a thin, compressed myometrium (mainly because 
of the presence of blood clots or polypoid tumor). On the 
other hand, such a finding (thinned myometrium) was not 
associated with understaging or correct staging. Therefore, 
we believe that patients with endometrial cancer, in whom a 
thin myometrial wall is observed on MR imaging, should be 
carefully evaluated to avoid overestimation of tumor invasion. 
It is important to note that overestimation of depth of invasion 
may lead to preoperative radiation therapy in patients who 
could be treated more appropriately with surgery alone 
[2, 3]. 

A limitation to the results of our study is the lack of data 
regarding the use of gadopentetate dimeglumine. Hricak et 
al. [26] have recently suggested that the use of contrast 





material improves the ability of MR to assess the depth of 
myometrial tumor invasion. However, further studies from 
different institutions with large series of patients are neces- 
sary to definitively assess the role of contrast-enhanced MR 
imaging in the staging of endometrial cancer. 


REFERENCES 


1. American Cancer Society. Cancer facts and figures—1990. Atlanta: Amer- 
ican Cancer Society, 1990 
2. Berman ML, Ballan SC, LaGasse LK, Watring WG. Prognosis and treat- 
ment of endometrial cancer. Am J Obstet Gynecol 1980;136:679-688 
3. Boronow RC, Morrow CP, Creasman WT, et al. Surgical staging in 
endometrial cancer: clinical-pathologic findings of a prospective study. 
Obstet Gynecol 1984;63: 825-832 
4. DiSaia P, Creasman WT. Clinical gynecologic oncology. St. Louis: Mosby, 
1981: 128-151 
5. Hamlin DJ, Burgener FA, Beecham JB. CT of intramural endometrial 
carcinoma: contrast enhancement is essential. AJR 1981;137:551-554 
6. Walsh JW, Goplerud DR. Computed tomography of primary, persistent, 
and recurrent endometrial malignancy. AJR 1982;139: 1149-1154 
7. Balfe DM, Van Dyke J, Lee JKT, Weyman PJ, McClennan BL. Computed 
tomography in malignant endometrial neoplasms. J Comput Assist Tomogr 
1983;7:677-681 
8. Dore R, Moro G, D'Andrea F, LaFianza A, Franchi M, Bolis PF. CT 
evaluation of myometrium invasion in endometrial carcinoma. J Comput 
Assist Tomogr 1987;11:282-289 
9. Requard C, Wicks J, Mettler F. Ultrasonography in the staging of endo- 
metrial adenocarcinoma. Radiology 1981;140:781-785 
10. Fleisher AC, Dudley BS, Entman SS, Baxter JW, Kalemeris GC, James 
AE. Myometrial invasion by endometrial carcinoma: sonographic assess- 
ment. Radiology 1987;162:307-310 
11. Lehtovirta P, Cacciatore B, Wahlstrom T, Ylostalo P. Ultrasonic assess- 
ment of endometrial cancer invasion. JCU 1987;15:519-524 
12. Gordon AN, Fleisher AC, Reed GW. Depth of myometrial invasion in 
endometrial cancer: preoperative assessment by transvaginal ultrasonog- 
raphy. Gynecol Oncol 1990;39:321-327 
13. Worthington JL, Balfe DM, Lee JKT, et al. Uterine neoplasms: MR imaging. 
Radiology 1986;159:725-730 
14. Powell MC, Womack C, Buckley J, Worthington BS, Symonds EM. Pre- 
operative magnetic resonance imaging of stage | endometrial adenocarci- 
noma. Br J Obstet Gynaecol 1986;93:353-360 
15. Hricak H, Stern JL, Fisher MR, Shapeero LG, Winkler ML, Lacey CG. 
Endometrial carcinoma staging by MR imaging. Radiology 1987;162: 
297-305 
16. Javitt MC, Stein HL, Lovecchio JL. MRI in staging of endometrial and 
cervical carcinoma. Magn Reson Imaging 1987;5:83-92 
17. Gordon AN, Fleisher AC, Dudley BS, et al. Preoperative assessment of 
myometrial invasion of endometrial adenocarcinoma by sonography (US) 
and magnetic resonance imaging (MRI). Gynecol Oncol 1989;34:175-179 
18. Yazigi R, Cohen J, Munoz AK, Sandstad J. Magnetic resonance imaging 
determination of myometrial invasion in endometrial carcinoma. Gynecol 
Oncol 1989;34:94-97 
19. Hricak H, Rubinstein LV, Gherman GM, Karstaedt N. MR imaging evalua- 
tion of endometrial carcinoma: results of an NCI cooperative study. Ra- 
diology 1991;179:829-832 
20. Kelsey LY, Thompson WD, Evans SA. Methods in observational epide- 
miology, 2nd ed. New York: Oxford University Press, 1986:286-288 
21. Fleiss JL. Statistical methods for rates and proportions, 2nd ed. New York: 
Wiley, 1981:1-18 
22. McCarthy S, Scott G, Majumdar S, et al. Uterine junctional zone: MR study 
of water content and relaxation properties. Radiology 1989;171:241-243 
23. Mitchell DG, Schonholz L, Hilpert PL, Pennell RG, Blum L, Rifkin MD. 
Zones of the uterus: discrepancy between US and MR images. Radiology 
1990;174:827-831 
24. Scoutt LM, Flynn SD, Luthringer DJ, McCauley TR, McCarthy SM. Junc- 
tional zone of the uterus: correlation of MR imaging and histologic exami- 
nation of hysterectomy specimens. Radiology 1991;179:403-407 
25. Brown HK, Stoll BS, Nicosia SV, et al. Uterine junctional zone: correlation 
between histologic findings and MR imaging. Radiology 1991;179: 
409-413 
26. Hricak H, Hamm B, Semelka RC, et al. Carcinoma of the uterus: use of 
gadopentetate dimeglumine in MR imaging. Radiology 1991;181:95-106 





570 


Radiologic-Pathologic Conferences of the Massachusetts General Hospital 


Renal Lymphoma 


Martin R. Prince’ and Felix S. Chew 


A 77-year-old man presented with left-sided abdominal pain. Plain 
radiographs revealed a large, left-sided abdominal mass displacing 
the bowel across the midline. CT scans showed a mass infiltrating 
and engulfing the right kidney (Fig. 1A). With contrast enhancement, 
the outline of still-functioning renal parenchyma was identified; the 
mass itself did not enhance. A sonographic study demonstrated 
enlargement of the left kidney (Fig. 1B) but preservation of its reniform 
shape. A sonographically guided fine-needle aspirate of the mass 
was obtained, and a nephrectomy was performed. Microscopic ex- 
amination showed small, round monomorphic lymphocytes, some 
with plasmacytic differentiation (Fig. 1C). Immunoperoxidase stains 
confirmed a B-cell origin. The final pathologic diagnosis was malignant 
lymphoma. 

Metastatic renal involvement by lymphoma is common; in autopsy 
series one third of lymphoma patients have renal involvement [1]. 
The typical appearance is multiple nodules involving both kidneys; 
however, solitary nodules, engulfment of the entire kidney by contig- 
uous retroperitoneal disease, or diffuse infiltration may occur. The 
nodular morphology common among B-cell lymphomas is thought to 
reflect a degree of differentiation toward forming lymphatic nodelike 
elements [2]. Because lymphomas tend not to have stroma or fibrous 
reaction, sheets of cells may infiltrate through involved structures, 
distorting but not displacing them. Renal involvement is more com- 
mon in non-Hodgkin's lymphomas than in Hodgkin's lymphoma. 
Burkitt's and AIDS-related lymphomas have the greatest affinity for 





Fig. 1.—Renal lymphoma. 


the kidneys. Primary renal lymphoma is rare because the kidneys do 
not contain lymphoid tissue [3]. 

The infiltrative nature of lymphoma allows it to grow without 
disrupting renal structure or function. Thus, renal involvement is found 
late in the clinical course. The most common presentations are pain, 
mass, or microscopic hematuria [3], but some patients have protein- 
uria and nephrotic syndrome, or renal stones from excess uric acid 
related to rapid metabolic turnover of nucleic acids. Uremia, hydro- 
nephrosis from ureteral compression, and renovascular hypertension 
from renal artery compression are rare. Although renal involvement 
indicates advanced disease [4], the prognosis may still be favorable 


[5]. 
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A, Contrast-enhanced CT scan shows large retroperitoneal mass extending from left renal fossa across midline. Outline of enlarged and still-functioning 


kidney (arrows) is surrounded by mass. 


B, Transverse sonogram shows enlarged left kidney (arrows) surrounded by poorly marginated, moderately echogenic tissue. 
C, High-power photomicrograph shows sheets of small, round lymphocytes with peripherally clumped nuclear chromatin and no fibrous stroma. 
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Renal Tuberculosis: Diagnosis with 
Sonographically Guided Aspiration 
Cytology 





Sonographically guided fine-needle aspiration cytology was performed in 19 patients 
suspected to have renal tuberculosis. This procedure enabled a diagnosis of renal 
tuberculosis to be made in six of seven patients with urine cultures consistently negative 
for acid-fast bacilli and confirmed the diagnosis in nine patients with focal renal lesions 
on sonography and urine cultures positive for acid-fast bacilli. The fine-needle aspiration 
cytologic samples were positive for acid-fast bacilli in seven (44%) of the 16 confirmed 
cases, and acid-fast bacilli were present in 80% of the samples containing necrotic 
material. Epithelioid granulomas were present in 15 (94%) of 16 patients diagnosed with 
renal tuberculosis. One patient had no evidence of acid-fast bacilli or epithelioid gran- 
ulomas, but seminal fluid ultimately grew acid-fast bacilli. Two patients (13%) with 
evidence of tuberculosis had minor self-limiting complications from the fine-needle 
aspiration: one perirenal hematoma and one abdominal wall intramuscular hematoma. 

Sonographically guided fine-needle aspiration cytology is useful as a means of 
diagnosing renal tuberculosis in patients with urine cultures negative for acid-fast bacilli, 
and is of value in defining the granulomatous nature of sonographically visible lesions 
in patients with positive urine cultures. 


AJR 158:571-573, March 1992 


Renal tuberculosis is an insidious disease in which the diagnosis can be difficult 
and delayed. Urinalysis with acid-fast stains performed on the concentrated sedi- 
ment from a 24-hr specimen is positive in 80-90% of cases of tuberculosis [1, 2]. 
Urine culture requires 6-8 weeks for diagnosis, and, although the most specific 
test, false-negative results are still seen in 10-20% of cases [3, 4]. Sonography is 
a valuable and readily available technique for demonstrating the various morpho- 
logic abnormalities that can be found in genitourinary tuberculosis [5, 6] and is a 
convenient method of guiding needles for fine-needle aspiration cytology [7]. We 
describe the use of sonographically guided fine-needle aspiration cytology of renal 
abnormalities seen on sonography in reaching a rapid and definitive diagnosis of 
renal tuberculosis. 


Subjects and Methods 


From May 1988 to February 1990, we prospectively studied a total of 28 patients with 
Clinically suspected genitourinary tuberculosis who were referred for radiologic evaluation. 
None of the patients entering this study had confirmed renal tuberculosis. All cases included 
in the study had urine cultures negative for bacteria; persistent symptoms of frequency, 
dysuria, hematuria, and/or renal pain; no radiologic evidence of urolithiasis; and urine cultures 
negative for malignant cells. Each patient had excretory urography, sonography, and repeated 
urine cultures for acid-fast bacilli. Twenty-five of 28 patients had excretory urography: results 
were normal in 14 and suggestive of tuberculosis in 11. Multiple abnormalities were seen on 
sonography in 23 of 28 cases; in the other five cases, no abnormal findings were noted. Of 
the 23 patients with abnormal sonographic findings, urine culture was negative for acid-fast 
bacilli in 10 and positive in 13, nine of whom had associated focal lesions. All 10 patients with 





negative urine cultures and the nine patients with both urine cultures 
positive for acid-fast bacilli and focal lesions had fine-needle aspiration 
cytology. 

Sonographically guided fine-needle aspiration cytology was per- 
formed with a 21-gauge spinal needle fitted with a suction handle. 
Right renal lesions were approached through a transhepatic route 
with the patient supine; for left renal lesions, a posterior route was 
used with the patient lying prone (Fig. 1). No premedication was 
used, and the procedure was carried out under local anesthesia. 
Three slide spreads of the aspirate were considered adequate for a 
single patient, and no more than three passes were made to minimize 
the risk of procedure-related complications. The aspirated material 
was air dried, and smears were stained with May-Gruinwald and ZiehI- 
Neelsen stains. A diagnosis of tuberculosis was made if epithelioid 
cells were seen with either giant cells or necrosis or if there was a 
combination of the three. A diagnosis of tuberculosis was also made 
if the aspirated pus or the necrotic material showed the presence of 
acid-fast bacilli. After the procedure, the patients were observed for 
2 hr, and sonography was performed again to exclude complications. 


Results 


Of 19 patients having fine-needle aspiration cytology, cy- 
tology positive for tuberculosis was obtained in 15 (79%) 
(Table 1). One false-negative result occurred in a patient 
whose seminal fluid was also obtained by fine-needle aspira- 
tion and grew acid-fast bacilli. Of the remaining three patients, 
only inflammatory cells were seen in two and only normal 
tubular cells in one. Three types of lesions were identified: 
small focal lesions (5-15 mm, occupying cortex and medulla), 
large focal lesions (>15 mm and extending from cortex to 
central sinus region), and abscesses (anechoic center with 
peripheral rim). The sonographic appearances of cytologic 
findings of the renal lesions in these 16 cases are summarized 
in Table 2. Two patients (13%) with tuberculosis developed 
minor self-limiting complications: a small perirenal hematoma 
in one (Fig. 2) and an intramuscular hematoma of the abdom- 
inal wall in the other (Fig. 3). Neither of these prolonged the 
patients’ hospitalization. 


Discussion 


Urine culture for acid-fast bacilli is the standard noninvasive 
test that has been used successfully in the diagnosis of renal 


Fig. 1.—Sagittal sonograms of kid- 
ney. 

A, Hypoechoic focal lesion (arrow). 

B, Hyperechoic needle tip (arrow) 
inside lesion. 


TABLE 1: Correlation Between Positive Cytologic Findings and 
Urine Culture for Acid-fast Bacilli (AFB) in 16 Cases of 
Genitourinary Tuberculosis 





No. of Cases 
Cytologic Findings ae Urine Culture 
otal Positive for AFB 
Epithelioid granulomas; neg- 8 5 
ative for AFB 
Epithelioid granulomas; posi- 3 2 
tive for AFB 
Epithelioid granulomas (with 4 2 
necrotic material); positive 
for AFB 
No epithelioid granulomas i 0 
(necrotic material only); 
negative for AFB 


ES | ee ee ee ee 
* Seminal fluid grew AFB. 


TABLE 2: Correlation of Findings on Sonography and Fine- 
Needle Aspiration Cytology (FNAC) in 16 Cases of Renal 
Tuberculosis 


Findings of FNAC (No. of Cases) 





Sonographic 
Appearance Total Total Epithelioid Acid-fast 
Attempted Positive Granuloma Bacilli 
Small focal lesions? 8 8 11 3 
Large focal lesions 3 3 - - 
Abscess cavity 5 4 + 4 


SE SS 6 SE SS ee eee ES eee Co 
° Five appeared hyperechoic; three appeared hypoechoic. 


tuberculosis, but urine cultures may be false-negative in at 
least 10-20% of cases [1-4]. Sonographically guided fine- 
needle aspiration cytology can be used in such cases to reach 
a diagnosis. A definitive diagnosis avoids the risk of embarking 
on a therapeutic trial of antituberculous drugs. The finding of 
epithelioid granulomas has allowed us to start treatment on 
the day of the test, avoiding the 6- to 8-week delay involved 
in culturing urine. Therefore, the use of sonographically guided 
fine-needle aspiration cytology has the potential of reducing 
the morbidity and mortality rate of this disease. 


AJR:158, March 1992 


Fig. 2.—Sagittal sonogram of right 
kidney shows hypoechoic collection 
around upper pole of kidney (arrow) 
after fine-needle aspiration. 


Fig. 3.—Sagittal sonogram of right 
kidney shows hyperechoic cortical de- 
fect with extrahepatic abdominal intra- 
muscular hemorrhage (arrow) after 
fine-needle aspiration. 


The sonographic appearance of infiltrative lesions leading 
to formation of focal or mass lesions has been described 
infrequently in renal tuberculosis [5]. In the setting of a urine 
Culture positive for acid-fast bacilli and a population with a 
high prevalence of tuberculosis, the possibility of coexisting 
nongranulomatous disease has to be excluded. Fine-needle 
aspiration cytology allows such a lesion to be confirmed as 
tuberculous in origin. In view of our findings, fine-needle 
aspiration cytology may prove to be of value in differentiating 
tuberculous lesions from similar-appearing nontuberculous 
lesions such as acute focal bacterial nephritis, xanthogranu- 
lomatous nephritis, and small benign and malignant tumors 
[8]. 

The role of fine-needle aspiration cytology in the diagnosis 
of tuberculosis elsewhere in the body has been reported [9, 
10]. In a series of 390 cases with tuberculous lymphadenitis, 
epithelioid granuloma was seen in 244 (63%), of which 66 
(27%) showed acid-fast bacilli, and necrosis was seen in 146 
(37%), of which 26 (18%) showed acid-fast bacilli. In the latter 
group, culture of the aspirated material was needed for final 
diagnosis. Failure to demonstrate acid-fast bacilli in a smear 
with characteristic cytomorphology does not exclude tuber- 
culosis [9, 10]; for the tubercle bacillus to be demonstrated 
microscopically, a concentration of 10,000-1,000,000 bacilli/ 
ml of material is necessary [11]. 

We found acid-fast bacilli in 44% of our cases of renal 
tuberculosis (Table 1), but the presence of epithelioid granu- 
lomas in other samples allowed us to make a diagnosis in 
94% of tuberculosis cases. The frequent demonstration of 
epithelioid granuloma in the fine-needle aspiration cytology is 
in accordance with previous reports [10], and in such cases 
the core biopsy may not always be necessary for cytopath- 
ologic diagnosis. It has been found that when necrotic material 
is aspirated, a high yield of acid-fast bacilli can be expected 
[9, 10]; this was borne out by our experience, in which four 
(80%) of five aspirates of necrotic material contained acid- 
fast bacilli. 

Sonographically guided fine-needle aspiration cytology is a 
considerably more invasive diagnostic test than urine culture 
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is. However, with the use of fine-gauge needles (less than 1 
mm in diameter), many radiologists believe that the risk of 
serious complications is low [12]. In our small series, two 
(13%) of the 16 patients with tuberculosis had self-limiting 
complications; neither of these resulted in a longer hospital 
stay. We believe this is an acceptable rate given the benefits 
of obtaining a positive diagnosis. 

In conclusion, our study demonstrates the usefulness of 
sonographically guided fine-needle aspiration cytology in mak- 
ing the diagnosis of renal tuberculosis in patients with negative 
cultures and in defining the nature of sonographically evident 
renal lesions in patients with positive cultures. 
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Grant’s Atlas of Anatomy, 9th ed. By Anne M. R. Agur and Ming J. Lee. Baltimore: Williams & Wilkins, 650 pp., 


1991. $49, softcover 


Grant's Atlas of Anatomy has been well-known since its first edition 
in 1943. However, as pointed out in the preface, this, the ninth 
edition, is a significant revision. It is a 650-page, softcover book that 
is conveniently divided into 10 color-coded sections (including the 
index). As with previous editions, the outstanding feature of this atlas 
is its clarity and simplicity, albeit with attention to accuracy, which 
Anne Agur and Ming Lee have maintained. The design, the size of 
the illustrations and text, and the font are visually pleasing, and the 
book can be read easily at arms length. This style is particularly 
useful for a guide used during anatomic dissection exercises in the 
laboratory. It is appropriate that this edition is written by authors from 
the University of Toronto, where Dr. Grant instituted the university's 
anatomy museum, which is still used by the students. As Anne Agur 
mentions in the acknowledgments, many of Dr. Grant’s anecdotes 
and study hints were still circulated by word of mouth by her profes- 
sors who had, in turn, personally worked with Dr. Grant. 

The new features of the ninth edition are pointed out in the preface 
and on the back cover. The artwork is color enhanced. This welcome 
use of color is visually pleasing and might also enhance the teaching 
value of some illustrations. More than 80 new illustrations have been 
added to this edition compared with the eighth edition, and most of 
the line art has been redrawn. New line illustrations have been added, 
including overview drawings that show the relationship of superficial 
and deep structures. The nine chapters are organized as follows: (1) 
thorax, (2) abdomen, (3) peritoneum and pelvis, (4) the back, (5) the 
lower limbs, (6) the upper limbs, (7) the head, (8) neck, and (9) the 
cranial nerves. The terminology used has been revised to conform 
with the sixth edition of the Nomina Anatomica (1989). The correlation 
of the art, radiologic images, and photographs throughout the atlas 
is excellent. The book’s medical artists are to be commended and 
are appropriately acknowledged. 

| am particularly pleased by the use of radiologic correlation 
throughout the atlas. In a cursory count, | found five to 32 radiologic 
images per chapter. Plain films, barium studies, cholangiograms, 
mammograms, lymphangiograms, excretory urograms, sonograms, 


CT scans, and MR images are represented. Special techniques such 
as transrectal sonography and three-dimensional reconstruction MR 
imaging are also shown. The radiologic images are appropriately 
positioned and oriented alongside the anatomic photographs. For 
complex studies, annotated line drawings are used rather than direct 
labeling of the radiologic images. 

The book has a heavy emphasis on the use of MR in various 
planes. However, in the zeal to use appealing “high-technology” MR 
imaging, the quality of the MR images occasionally has been sacri- 
ficed. Although most of the radiologic images are excellent or good, 
some of the MR images are too contrasty. Also, CT has been 
abandoned in some areas where it should have been expanded, such 
as in the abdominal section. (For example, for Figure 2.112, a 
transverse MR image of the abdomen, a CT scan would be more 
suitable.) The use of MR images in the chapter on the upper extrem- 
ities is excellent, although an arthrogram or CT-arthrogram might be 
a nice addition. 

In the preface, Anne Agur lists the defining features of the atlas. | 
think these are aptly met. Most significantly, the atlas is “a companion 
in the dissecting room, guiding the dissector through each step of 
exploring and exposing structures,” proving a “real” rather than 
“idealized view of human anatomy.” Second, the atlas is an “anatom- 
ical museum useful in determining relationships when deep dissection 
has destroyed superficial structures.” The labels are conveniently 
placed so that they can be easily covered by readers who wish to 
use the atlas as a self-test to prepare for practical examinations. 

Overall, the ninth edition has succeeded in improving an already 
excellent atlas. From the perspective of a radiologist, | welcome the 
liberal use of radiologic correlation to improve the understanding and 
assimilation of anatomic concepts. | wish this atlas had been available 
in this form when | went to medical school. 


Abraham H. Dachman 
Uniformed Services University of the Health Sciences 
Bethesda, MD 20814-4799 
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CT Findings in Tuboovarian Abscess 


Andrew C. Wilbur,’ Robert |. Aizenstein, and Tracy E. Napp 


Pelvic inflammatory disease with tuboovarian abscess can 
cause a wide range of radiologic abnormalities. Although the 
diagnosis of tuboovarian abscess is usually straightforward and 
is based on clinical and sonographic findings, unusual or unsus- 
pected cases may be confused with other pelvic or abdominal 
diseases. The purpose of this essay is to illustrate the CT findings 
in tuboovarian abscess. 


Tuboovarian abscess is a well-recognized complication of 
pelvic inflammatory disease (PID) reported to occur in as 
many as one third of patients hospitalized for acute salpingitis 
[1]. Each year approximately one million women have symp- 
tomatic PID. More than 275,000 women are hospitalized 
annually for PID, and more than 100,000 surgical procedures 
are performed [2]. Moreover, the prevalence of tuboovarian 
abscess is projected to increase, paralleling the rise in sexually 
transmitted diseases. 

PID results from an ascending vaginal or cervical infection 
that progresses to endometritis followed by salpingitis. Inad- 
equately treated PID may lead to infection of the ovary, with 
resultant unilateral or bilateral tuboovarian abscesses. Cul- 
tures usually reveal a polymicrobial infection with a prepon- 
derance of anaerobes [1]. Frequently, adhesions develop 
within the fallopian tubes, causing tubal obstruction and pyo- 
salpinx. Although tuboovarian abscesses generally remain 
localized to the ovary and fallopian tubes, rupture can result 
in a life-threatening generalized peritonitis. 

The signs and symptoms of uncomplicated salpingitis and 
tuboovarian abscess are similar. Differentiation requires ex- 
clusion or confirmation of an inflammatory pelvic mass (Fig. 
1). This distinction is generally made with sonography. How- 
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ever, if PID is not suspected, the clinical and radiologic diag- 
nosis of tuboovarian abscess may be difficult. The CT scans 
presented in this essay are from six cases of tuboovarian 
abscess not suspected before CT was done. The diagnosis 
of tuboovarian abscess was confirmed by surgery in five 
cases and by clinical course in one case. Common abnor- 
malities shown on CT scans in tuboovarian abscess are 
illustrated. 


Pelvic Mass 


Abdominal radiographs may show a soft-tissue mass in the 
pelvis. In the series reported by Phillips [3] in 1974, this finding 
was present in 36 (82%) of 44 patients with tuboovarian 
abscess who had plain radiographs. An adynamic ileus may 
be present also. 

Sonography is the imaging technique most frequently used 
to confirm a suspected diagnosis of tuboovarian abscess. 
Typically, sonograms show an adnexal or retrouterine mass 
that may be cystic, solid, or complex. In our series, sonogra- 
phy was used to detect hypoechoic pelvic masses in three of 
six patients with tuboovarian abscess. In the remaining three, 
it showed a septated, mostly cystic pelvic mass. Free fluid in 
the cul-de-sac, indistinct uterine margins, and loss of midline 
endometrial echoes are ancillary findings. Sonography may 
also be useful in assessing response to treatment and in 
guiding therapeutic aspiration and catheter drainage. 

CT is best used as an adjunct to sonography in atypical 
cases of tuboovarian abscess. Several CT features suggest 
the diagnosis of tuboovarian abscess in the proper clinical 
context [4]. Although nonspecific, the most frequent finding 
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Fig. 1.—Tuboovarian abscess. CT scan 
shows thick-walled, fluid-density mass in right 
adnexal region (A). Fluid in cul-de-sac posterior 
to uterus (U) (curved arrow) indents perirectal 
space (straight arrow). 





(in all six of our patients) is a thick-walled, fluid-density mass 
in an adnexal location (Fig. 1). Internal septations are com- 
mon. Pyosalpinx may be considered when a tubular fluid- 
density adnexal mass is seen (Fig. 2). This finding can also 
be present when hydrosalpinx is caused by obstructing tumor, 
previous tubal sterilization, or previous episodes of PID [4]. 
Internal gas bubbles are the most specific radiologic sign of 
abscess, but this sign is unusual in tuboovarian abscesses 
and was not present in any of our six cases. When an adnexal 
mass with nonspecific CT features is found in a patient with 


Fig. 2.—Tuboovarian abscess. CT scan 
shows partially septated, fluid-density mass in 
left anterior pelvis (m). Fluid-filled tubular struc- 
ture to right of uterine fundus is a surgically 
confirmed pyosalpinx (p). 


Fig. 3.—Uncomplicated pelvic inflammatory 
disease with nonspecific CT findings. CT scan 
shows a small cystic left adnexal mass (arrow- 
heads) and thickened, but nondisplaced mesosal- 
pinx (arrows). Thickening of mesosalpinx sug- 
gests adnexal inflammation, but small size of 
cystic mass with no loculation or thickened walls 
favors an uninfected physiologic cyst. Clinical and 
sonographic correlation is essential in such cases. 
Uterus contains an intrauterine contraceptive de- 
vice (IUD). Frequency of IUD use in patients with 
tuboovarian abscess has been reported as 20- 
54% [1]. In our series, an IUD was present or had 
recently been removed in two of six patients. 


Fig. 4.—Bilateral tuboovarian abscesses. CT 
scan shows multiloculated fluid collection causing 
anterior displacement of a thickened right meso- 
salpinx (arrows). 


Fig. 5.—Left tuboovarian abscess. CT scan 
shows anterior displacement of left mesosalpinx 
(arrows) by septated fluid collection. 


PID, clinical and sonographic correlations are important to 
confirm or exclude a diagnosis of tuboovarian abscess (Fig. 
3). 


Anterior Displacement of the Mesosalpinx 


Because the mesosalpinx normally arches anteriorly and 
superiorly to the mesoovarium, expansion of the ovary or 
mesoovarium by inflammatory or neoplastic processes dis- 
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Fig. 6.—Bilateral tuboovarian abscesses with 
displaced mesosalpinges. CT scan shows thick- 
ening and anterior displacement of both right and 
left mesosalpinges. 


Fig. 7.—Drawing of paramedian sagittal section 
through broad ligament. ft = fallopian tube, mx = 
mesosalpinx, o = ovary, mo = mesovarium, mm = 
mesometrium. 


Fig. 8.—CT scan shows thickening of utero- 
sacral ligaments (arrows) in a patient with bilateral 
tuboovarian abscesses. Also note increased at- 
tenuation of edematous perirectal fat. 


Fig. 9.—CT scan shows normal uterosacral lig- 
aments (arrows). 
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places the mesosalpinx anteriorly (Figs. 4-7). Anterior dis- 
placement of the mesosalpinx by a pelvic mass, therefore, 
suggests ovarian or tubal origin [4]. Anterior displacement 
and thickening of the ipsilateral mesosalpinx in tuboovarian 
abscess has been described [4]. This combination of displace- 
ment and thickening was present in all of our patients. Al- 
though highly suggestive of adnexal disease, it is not specific 
for tuboovarian abscess and may also be observed in patients 
with pelvic endometriosis or ovarian neoplasm. 


Thickening of Uterosacral Ligaments 


The uterosacral ligaments represent localized condensation 
of subserous endopelvic tissue. They are contiguous with the 
uterus and broad ligament and course posteriorly to join the 
deep fascia over the sacrum. Posterior extension of inflam- 
matory adnexal or tubal disease may cause thickening of the 
uterosacral ligaments and increased density of the presacral 
and perirectal fat [4]. Uterosacral ligament thickening, in con- 
junction with anterior displacement of the mesosalpinx, pro- 
vides additional evidence for adnexal disease (Fig. 8). This 
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finding was present in four of our patients. The normal thick- 
ness of the uterosacral ligaments on CT scans has not been 
established. As with other fascial planes, the normal utero- 
sacral ligaments are symmetrically very thin and distinct on 
CT (Fig. 9). 


Rectosigmoid Involvement 


Because the inflammation and fibrosis associated with 
tuboovarian abscess tend to spread posteriorly into the peri- 
rectal and presacral fat, barium enema frequently shows 
extrinsic rectosigmoid involvement. The mucosa appears in- 
tact, with serrated or spiculated margins. A long segment of 
tapered narrowing is typical. Phillips [3] found constriction of 
the sigmoid colon in 28 (88%) of 32 patients with tuboovarian 
abscess who had barium enema. On CT scans, luminal nar- 
rowing, infiltration of perirectal fat, and indistinct borders 
between the pelvic mass and bowel suggest rectosigmoid 
involvement (Figs. 10 and 11). These findings were present 
in all of our patients. Fistulous communication between the 
tuboovarian abscess and sigmoid colon is a rare complication 


[3]. 
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Fig. 10.—CT scan shows poorly defined fluid Fig. 11.—Tuboovarian abscess. CT scan shows Fig. 12.—CT scan shows bilateral hydrone- 
and soft-tissue-density pelvic mass surrounding large, thick-walled fluid collection in right side of phrosis and paraaortic lymphadenopathy due to 
rectosigmoid area. Margins between mass and pelvis causing extrinsic mass effect and displace- tuboovarian abscess. (Same patient as in Fig. 
bowel are indistinct. Thickening of uterosacral ment of rectosigmoid to left. Also note left hydrour- 2.) 


ligament (arrows) and edema of presacral fat eter (arrow). 
are also present. 


Fig. 13.—Endometriosis. CT scan shows multi- 
loculated fluid collection near left uterine fundus 
simulating tuboovarian abscess. Fluid is also pres- 
ent within cul-de-sac. 


Fig. 14.—Pelvic abscess in patient with Crohn’s 
disease. CT scan shows thick-walled, fluid-density 
mass near right adnexa. Note normal attenuation 
of perirectal and presacral fat. No evidence of 
ureteral constriction or of mesosalpinx displace- 
ment is seen. 


Fig. 15.—Serous cystadenocarcinoma. CT scan 
shows large, septated pelvic mass containing both 
fluid and soft-tissue-density components. Malig- 
nant ovarian neoplasm may appear cystic and 
must be included in differential diagnosis of cystic 
benign or inflammatory pelvic disease. 


Fig. 16.—Corpus luteum cyst. CT scan shows 
homogeneous, thin-walled, nonseptated left ad- 
nexal cystic mass. Note normal attenuation of per- 
irectal fat and absence of hydroureter. 
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Ureteral Involvement 


The pelvic ureters form the posterior boundary of the 
ovarian fossa and, as such, may be compressed or undergo 
spasm in patients with tuboovarian abscess. Phillips [3] ob- 
served proximal ureteral dilatation in 17 (39%) of 44 patients 
with tuboovarian abscess who had excretory urography. CT 
may show bilateral or unilateral hydronephrosis and hydro- 
ureter (Fig. 12). The point of ureteral obstruction is usually at 
or just below the pelvic brim. 


Paraaortic Lymphadenopathy 


The lymphatic drainage of the ovaries and fallopian tubes 
parallels the gonadal veins. As a result, inflammatory paraaor- 
tic lymphadenopathy occurs near the level of the renal hila 
(Fig. 12). This finding was present in three of our patients. 
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Differential Diagnosis 


The CT differential diagnosis of tuboovarian abscess in- 
cludes endometriosis, ovarian tumors and cysts, and ab- 
scesses from other sources within the pelvis and abdomen 
(Figs. 13-16). Imaging findings of endometriosis in particular 
can mimic those of tuboovarian abscess. In the abscence of 
internal gas bubbles, tuboovarian abscess is radiologically 
indistinguishable from pelvic endometriosis. 
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MR Imaging of Extraabdominal 
Desmoids: Differentiation from Other 


Neoplasms 





A retrospective review of MR images of 36 patients with histologically proved extraab- 
dominal desmoids was done to define the MR characteristics of these tumors and to 
determine if MR could be used to differentiate desmoids from other benign and malignant 
soft-tissue neoplasms. The desmoids evaluated included eight primary and 30 recurrent 
lesions. Our study was conducted in parallel with another study in which the MR 
appearance of 95 benign and malignant soft-tissue masses was evaluated, and the MR 
images of these masses were compared with our findings. The four desmoids from that 
study are included in our data. The signal intensity of the tumor on T1- and T2-weighted 
images was graded relative to the intensities of muscle and fat. Homogeneity, margin, 
neurovascular and bone involvement, and fibrosis (low-signal regions within the tumor 
on both T1- and T2-weighted images) were evaluated. On MR imaging, the desmoids 
showed inhomogeneous signal (97%), poor margination (89%), neurovascular involve- 
ment (58%), and bone involvement (37%). Fibrosis was present in 88% of primary 
desmoids and 90% of recurrent ones, and intermediate signal (greater than that of 
muscle and less than that of fat) was present in 75% and 50% of these, respectively. 

Our results show that the MR features of desmoids have characteristics that are 
commonly found in malignant tumors (inhomogeneous signal, poor margination, and 
neurovascular involvement). MR features of desmoids that distinguish them from malig- 
nant neoplasms are the presence of fibrosis and intermediate signal in the regions of 
the tumor. 
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Before MR imaging was available, radiologic evaluation of desmoids was limited 
to detecting the soft-tissue mass and determining its location [1]. No specific 
diagnosis was possible. MR imaging has quickly replaced CT in the evaluation of 
these lesions. 

Desmoids, although classified as benign, were shown by Berquist et al. [2] in 
their MR study of soft-tissue masses to have signal characteristics that caused 
them to appear malignant. Because of this finding, we studied the MR features of 
desmoids to determine if desmoids have a characteristic appearance. We then 
compared the findings with the 95 masses in the series of Berquist et al. [2] to 
determine if desmoids could be differentiated from other benign and malignant soft- 
tissue masses. 


Materials and Methods 


The records of all patients with pathologically proved desmoids who were examined at our 
institution between January 1984 and January 1990 were reviewed to determine those who 
had had MR examination. Of the 125 patients who had the diagnosis of desmoids, 40 had 
had MR imaging. Four of these patients had only a postoperative scan that showed no 
evidence of recurrence, and these patients are not included here. The remaining 36 patients 
had a total of 63 MR studies that showed evidence of desmoids. 
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The 36 patients (23 females and 13 males) were 8-73 years old 
(mean, 31 years). At presentation, eight had primary tumors not 
previously resected or sampled for biopsy and 28 had recurrences 
after previous resection. All tumors were resected and pathologically 
proved to be desmoids. The tumor locations were as follows: upper 
extremity, 14 (shoulder, five; upper arm, four; forearm, five); lower 
extremity, 14 (thigh, four; knee, three; calf, five; foot, two); pelvis/ 
buttock, seven; and neck, one. On axial sections, the mean size was 
8 x 8 cm for primary tumors and 6 x 6 cm for recurrent ones. 
Postoperative MR images were obtained in all patients, and two of 
the eight patients with primary tumors were found to have recurrence 
on follow-up. These recurrent tumors were included in our data, 
giving a total of eight primary desmoids and 30 recurrent desmoids 
studied with MR imaging. 

Images were obtained on a 1.5-T Signa GE system. T1- and T2- 
weighted images were available for each desmoid studied. Gadopen- 
tetate dimeglumine—enhanced MR images had not been obtained in 
any of the patients. 

Variables studied included the margin of the lesion (the percentage 
of the lesion that was well marginated), homogeneity (the percentage 
of homogeneous signal intensity on T2-weighted images), signal 
intensity of the nonfibrous portion of the tumor (relative to muscle 
and fat) on both T1- and T2-weighted images, and “fibrosis” (per- 
centage of tumor mass on both T1- and T2-weighted images that 
had a low signal intensity). Other variables evaluated included neu- 
rovascular encasement or displacement, hemorrhage or edema or 
both in or around the lesion, and bone involvement. 


Results 


All eight primary desmoids and 29 of the 30 recurrent ones 
had heterogeneous signal intensity. One recurrent desmoid 
had a homogeneous signal intensity. 

Margination was poor in all eight of the primary desmoids 
and in 26 (87%) of the recurrent ones. Three of the recurrent 
desmoids were partially well marginated and one was com- 
pletely well marginated. 

On T1-weighted images, six (75%) of the eight primary 
desmoids had a signal intensity equal to that of muscle and 
less than that of fat; the two others had a signal intensity 
greater than that of muscle but less than that of fat. Twenty- 
two (73%) of the recurrent desmoids had signal intensity 
equal to that of muscle and less than that of fat on T1- 
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weighted images; the intensity was greater than that of mus- 
cle and less than that of fat in six and less than those of 
muscle and fat in two. 

On T2-weighted images, six (75%) of the eight primary 
desmoids had a signal intensity greater than that of muscle 
but less than that of fat. The signal intensity was greater than 
that of muscle and equal to that of fat in one primary desmoid 
and greater than those of muscle and fat in another one. 
Among the recurrent desmoids, the signal intensity was 
greater than that of muscle and less than that of fat in 15 
(50%), greater than those of muscle and fat in 13 (43%), and 
greater than that of muscle and equal to that of fat in two 
(7%). 

Neurovascular involvement was found in five (63%) of the 
primary desmoids and 17 (57%) of the recurrent ones. Bone 
involvement was present in one (13%) of the primary des- 
moids and 13 (43%) of the recurrent ones. 

A significant fibrous component was found in seven (88%) 
of the primary desmoids and 27 (90%) of the recurrent ones. 
One of the recurrent desmoids was entirely fibrous. 

These findings were then compared with the findings of the 
95 soft-tissue masses studied by Berquist et al. [2]. In that 
study 45 lesions were malignant and 50 were benign, includ- 
ing four desmoids. Inhomogeneous signal was noted in 95% 
of the malignant lesions. Of the benign lesions, 76% had 
homogeneous signal. Irregular and poor margination was 
present in 85% of malignant lesions. Only 17% of benign 
lesions had completely irregular margins, and 43% of benign 
lesions were completely well marginated. Neurovascular in- 
volvement, either displacement or encasement, was present 
in 76% of malignant lesions. 


Discussion 


Desmoids were first described by McFarlan in 1832. The 
term desmoid was introduced by Mueller in 1838 to describe 
the tendonlike consistency of the tumor. The histologic fea- 
tures were first described by Bennett, who described the 
tumor as a benign, dense, fibrous neoplasm arising from the 
fascial sheaths of striated muscle [3]. Desmoids also are 


Fig. 1.—44-year-old man with recurrent des- 
moid in foot. 

A and B, T1-weighted sagittal (A) and T2- 
weighted axial (B) MR images show low-signal 
areas (arrows) within tumor. 
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known as aggressive fibromatosis, and they are a subset of 
a group of neoplasms referred to as fibromatoses. Although 
histologically benign, desmoids are locally aggressive neo- 
plasms and tend to recur after surgical excision (reported 
recurrence rates are from 25% to 65% [4]). Approximately 
10% of desmoids are multifocal at presentation [5]. 

Previous MR studies of soft-tissue masses have shown 
that the signal characteristics of desmoids most closely re- 
semble those of malignant neoplasms [2]. Studies also re- 
ported areas of low signal within desmoids [2, 6]. These low- 
signal areas were thought to be due to relatively hypocellular 
areas within the tumor, fibrous tissue, or regions of increased 
collagen deposition [7]. As a reference, we use the term 
fibrosis to identify these areas. This term was used simply to 
allow differentiation of the low-signai areas from the rest of 
the tumor and was not necessarily intended to indicate a 
specific pathologic entity. A significant amount of fibrosis was 
found in seven of the eight primary tumors and 27 of the 30 
recurrent tumors, ranging from less than 25% of tumor vol- 
ume to 100% (the recurrent tumor was made up entirely of 
low-signal-intensity fibrosis). The presence of fibrosis within 
the tumor mass on both T1- and T2-weighted images was 
thought to be valuable in distinguishing desmoids from malig- 
nant neoplasms (Fig. 1). 


Fig. 2.—31-year-old woman with primary des- 
moid arising in axilla. 

A, T1-weighted coronal MR image. 

B, T2-weighted axial MR image. Tumor is of 
intermediate signal (greater than that of muscle, 
less than that of fat). 


Fig. 3.—40-year-old woman with fibroma in 
wrist. 

A and B, T1-weighted (A) and T2-weighted 
(B) axial MR images show well-marginated mass 
with homogeneous signal (arrows). 
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On T2-weighted images, the signal intensity of the nonfi- 
brous portion of tumor was greater than that of muscle but 
less than that of fat in six primary desmoids (75%) (Fig. 2). 
We think that this is an important characteristic because in 
most malignant neoplasms the signal intensity is greater than 
that of fat on T2-weighted images. Fifteen of the recurrent 
desmoids had the same signal characteristic; the intensity of 
the nonfibrous portion of the tumor was less than that of fat. 

The one recurrent tumor with a homogeneous signal had a 
low signal intensity consistent with fibrosis throughout the 
tumor. This was also the tumor that was well marginated, 
because the fibrosis was well differentiated from the sur- 
rounding tissues. 

From our results, the characteristic MR features of a des- 
moid can be developed. These include a soft-tissue mass 
with heterogeneous signal intensity and poor margination. 
This mass can encase neurovascular structures or bone. It 
will have areas of low signal intensity within the tumor (fibrosis) 
on both T1- and T2-weighted images. The signal intensity of 
the nonfibrous portion of the tumor will be less than that of 
fat on T2-weighted images. 

The MR features of desmoids were compared with the 
characteristic appearance established by Berquist et al. [2] 
for benign and malignant soft-tissue masses. The typical 
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appearance of a benign soft-tissue mass on MR images 
included a well-marginated mass with homogeneous signal 
that did not commonly involve neurovascular structures or 
bone (Fig. 3). The typical appearance of a malignant soft- 
tissue mass on MR imaging included a poorly marginated 
mass with heterogeneous signal that commonly involved neu- 
rovascular structures or bone (Fig. 4). Additionally, the malig- 
nant masses tended to have a signal intensity on T2-weighted 
images that was greater than that of fat. 

Desmoids and malignant neoplasms have a number of MR 
features in common: heterogeneous signal, poor margination, 
and tendency to encase neurovascular structures. However, 
some features distinguish desmoids from malignant neo- 
plasms. One is the fibrous component of the desmoid, which 
appears as areas of low signal intensity on both T1- and T2- 
weighted images. Another is that the signal intensity of the 
nonfibrous portion of the tumor on the T2-weighted images 
is less than that of fat; the signal intensity of malignant tumors 
usually is greater than that of fat on T2-weighted images. On 
MR images, fibrosarcoma may, at first glance, be difficult to 
distinguish from a desmoid (Fig. 5). 
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It is important to determine if recurrent desmoid can be 
differentiated from postoperative changes. The presence of 
fibrosis and intermediate T2-weighted signal in recurrent des- 
moids is also important in this evaluation (Fig. 6). 

Not all recurrent desmoids have a nonfibrous portion with 
a signal intensity less than that of fat on T2-weighted images. 
However, MR imaging can show the presence of a soft-tissue 
mass in the area of previous resection accurately, and a 
desmoid would still be the primary diagnostic consideration. 
The presence of a fibrous component within the mass is 
further confirmatory evidence. 

Therefore, when confronted with an unknown soft-tissue 
mass on MR imaging that has characteristics of a malignant 
tumor (heterogeneity, poor margination, and encasement of 
neurovascular structures), desmoid should be included in the 
differential diagnosis. If, in addition, the mass has areas of 
low signal intensity consistent with fibrosis on both T1- and 
T2-weighted images and a signal intensity in the nonfibrous 
portion of the tumor that is less than that of fat on T2- 
weighted images, desmoid should be a primary diagnostic 
consideration. 


Fig. 4.—63-year-old man with leiomyo- 
sarcoma in calf. 

A, T1-weighted axial MR image. 

B, T2-weighted axial MR image shows regions 
of poor margination (arrows) and increased sig- 
nal intensity. 


Fig. 5.—7 1-year-old man with fibrosarcoma in 
calf. 

A, T1-weighted axial MR image. 

B, T2-weighted axial MR image. Low-intensity 
regions in center of mass (arrows) should not 
be confused with fibrosis in desmoids because 
the areas are not seen on both T1- and T2- 
weighted images, and the signal intensity is not 
the low signal intensity seen with desmoid fibro- 
sis but rather a signal intensity closer to that of 
muscle. In addition, most of tumor surrounding 
these areas has signal intensity greater than that 
of fat on T2-weighted image. 


AJR:158, March 1992 MR OF EXTRAABDOMINAL DESMOIDS 585 


p 





Fig. 6.— 16-year-old boy with hematoma and recurrent desmoid in calf. 

A, T2-weighted axial MR image shows a soft-tissue mass in lower leg that has a central area of high signal intensity and a surrounding peripheral area 
of low signal intensity. These characteristics are consistent with a hematoma. 

B and C, T1-weighted (B) and T2-weighted (C) axial MR images show recurrent desmoid at a level approximately 2 cm below that in A. Soft-tissue 
mass on T2-weighted image (C) has a signal intensity less than that of fat and a component of low signal intensity within tumor. 
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Book Review 





MRI of the Musculoskeletal System. Edited by John V. Crues III. (One of 10 volumes in The Raven MRI Teaching 
File. Series editors: Robert B. Lufkin, William G. Bradley, Jr., and Michael Brant-Zawadzki.) New York: Raven, 


255 pp., 1991. $60 


The goals of this book are to provide a review of musculoskeletal 
applications of MR imaging in clinical medicine. The editor states that 
instead of overwhelming the reader with extensive discussions of 
radiologic findings, disease mechanisms, or clinical relevance, the 
book is designed to provide a rapid introduction to musculoskeletal 
MR for residents and practicing radiologists new to the field. The 
book is organized into sections that deal with the knees, hips, 
shoulders, temporomandibular joints, upper extremities, legs, ankles, 
and feet, and finally neoplasia and masses. Although well indexed, 
the book has no table of contents at the beginning to facilitate finding 
relevant sections. 

The sections reflect the average workload of an imaging division. 
The largest section (one third of the book) is devoted to the knee, 
and together it and the section on the shoulder make up more than 
half the book. The section on the temporomandibular joint is ex- 
tremely short, containing only two cases, and it could have been 
strengthened, particularly in view of the potential of MR in this region. 
The section on neoplasia and masses also is a little disappointing. In 
addition, cases such as simple bone cysts and osteochondroma are 
included, for which the diagnosis is clearly evident on plain films, 
raising the question of the necessity of MR imaging. 

On the whole, the image quality is good. However, as with any 
text dealing with MR, because of the time required for production 


and the extraordinary rapidity with which improvement in technology 
and image quality occur, the images are not state of the art. As a 
result, readers will find that some of the images do not reflect the 
high quality found in the newest generation of scanners. The book is 
extremely easy to read. It is organized by using question-and-answer 
sections, with a small discussion as to the relevant radiologic, clinical, 
and pathologic findings. A short list of references is given after each 
section, designed to stimulate further reading. The book has a few 
minor typographic errors, and occasionally legends and text refer to 
features for which there appears to be no corresponding image. 

On the whole, this textbook provides a concise overview of the 
uses of MR imaging in the musculoskeletal system and of the usual 
appearances of common pathologic changes. In general, | think that 
the book is a good value and that the authors have achieved their 
goals of providing an introduction to musculoskeletal MR imaging for 
residents and radiologists new to the field, although some examples 
of normal variations and pitfalls would be useful for this target 
audience. 
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MR Diagnosis of Meniscal Tears 
of the Knee: Value of Axial Three- 
Dimensional Fourier Transformation 


GRASS Images 





Axial MR images of 40 knees in 37 patients with clinically suspected meniscal tears 
were obtained by using a three-dimensional (3-D) Fourier transform, gradient-refocused 
acquisition in the steady state (GRASS) pulse sequence. All knees also were examined 
in both coronal and sagittal planes with a two-dimensional (2-D) Fourier transform, spin- 
echo pulse sequence for T1-weighted images and a multiplanar GRASS pulse sequence 
for T2*-weighted images (conventional 2-D pulse sequences). Arthroscopic confirmation 
was available in all cases and was used as the gold standard. In these 40 knees, 32 of 
33 meniscal tears and 45 of 47 normal menisci were correctly identified with axial 3-D 
imaging, yielding a sensitivity of 97% and specificity of 96%. Conversely, the sensitivity 
was 82% and the specificity was 100% for the 2-D technique in the diagnosis of meniscal 
tears. A combination of both techniques yielded 100% sensitivity, 100% specificity, and 
100% accuracy in the evaluation of the menisci. Seven discrepancies between the 
findings of the two techniques were found in the evaluation of 33 arthroscopically proved 
torn menisci; six of the seven represented false-negative 2-D images and one was a 
false-negative axial 3-D image. Of 47 normal menisci, only two false-positives occurred 
with axial 3-D imaging and none with 2-D imaging. 

Despite the lack of a statistically significant difference, these preliminary findings 
suggest that the sensitivity in the diagnosis of meniscal tears can be improved by 
adding thin-sliced axial images with the 3-D GRASS pulse sequence to conventional 2- 
D imaging. 
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MR imaging is an established method for diagnosing internal derangements of 
the knee [1-10]. However, most MR imaging examinations of the knee with a two- 
dimensional (2-D) Fourier transform sequence have been performed only in sagittal 
and coronal planes. Sections more than 2 mm thick are too thick for 2-D techniques 
to evaluate the menisci accurately in the axial plane. 

Recently, a pulse sequence with three-dimensional (3-D) Fourier transform data 
acquisitions was introduced to image the knee. Advantages of the 3-D technique 
over the conventional 2-D technique included improved signal-to-noise ratio and 
spatial resolution for a given slice thickness; truly contiguous and thin slices; and 
the ability to obtain isotropic voxels, which enables the reconstruction of data in 
any plane. 

The thinner (0.7-mm-thick) axial sections acquired with 3-D sequences have 
markedly improved image quality and enabled the correct diagnosis of normal and 
abnormal menisci. We compared the sensitivity and specificity of axial 3-D imaging 
with those of conventional 2-D imaging in the diagnosis of meniscal injuries. 


Materials and Methods 


From August 1990 through June 1991, MR imaging was performed on 164 knees in 135 
patients. Of the 164 knees, MR evidence of meniscal tears was found in 73, and surgical 


588 ARAKI ET AL. 


evaluations via arthroscopy were later done on 40 knees in 37 
patients. These 37 patients, 17 men and 20 women 13-57 years old 
(mean age, 31 years), constitute our study population. 

MR imaging was performed on a General Electric Signa system 
(Milwaukee, WI) operating at 1.5 T. A circumferential, transmit-and- 
receive extremity coil was used in each case. The patients were 
scanned while they were supine with the knees extended naturally. 

Gradient-recalled acquisition in the steady state (GRASS) is the 
version of the limited-flip-angle, gradient-refocused pulse sequence 
available on our imager. By using a 3-D Fourier transform technique, 
axial GRASS images, 50/15/20° (TR/TE/flip angle), were obtained. 
Twenty-eight contiguous 0.7-mm-thick sections in each patient were 
imaged by using a 128 x 256 matrix, two excitations, and a 20-cm 
field of view. The actual scanning time was 6 min, 50 sec. 

Sagittal and coronal 2-D spin-echo T1-weighted images (600/20) 
were also acquired in all cases. The slices were 5 mm thick with 1- 
and 0-mm interslice gaps for sagittal and coronal images, respec- 
tively, and two excitations. The scanning time was approximately 4 
min. 

Sagittal (267/20) and coronal (217/20) 2-D multiplanar GRASS 
T2*-weighted images also were obtained in all patients. The slices 
were 5 mm thick with 1- and 0-mm interslice gaps for sagittal and 
coronal images, respectively, and four excitations. The scanning time 
ranged from 5 min, 32 sec to 6 min, 52 sec. 

A numerical grading system [3] was used by three independent 
observers to evaluate menisci on standard 2-D images and axial 3-D 
images. The system divides intrameniscal high signal into three 
principal grades. Grade 1 or 2 signal is a globular, linear signal that 
does not extend to the articular surface; histologically, this corre- 
sponds to meniscal degeneration. Grade 3 signal is defined as an 
intrameniscal signal that extends to an articular surface; this corre- 
sponds to meniscal tear. On 3-D axial images, we observed consec- 
utive axial images from the superior to inferior surfaces of the menisci 
to determine if high signal in the menisci extended to an articular 
surface. 

After reviewing both examinations, the results were compared with 
those of arthroscopy, used as the gold standard. Statistical signifi- 
cance was evaluated with the chi-square test. 





Fig. 1.—Examples of normal menisci. Axial 
three-dimensional GRASS image (50/15/20°) of 
0.7-mm-thick section of knee. Normal lateral 
(straight arrow) and medial (curved arrow) menisci 
are accurately depicted as bands of low signal 
intensity. 
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Results 
3-D Axial Images of Normal Menisci 


An example of normal menisci imaged with the axial 3-D 
GRASS technique is shown in Figure 1. Axial 3-D GRASS 
images allowed clear delineation of lateral and medial menisci 
as bands of low signal intensity highlighted by the surrounding 
high signal intensity of synovial fluid. 


Axial 3-D GRASS vs Sagittal and Coronal 2-D MR Images of 
Meniscal Tears 


Of the 80 menisci studied by MR imaging, arthroscopy 
showed that 47 (27 lateral and 20 medial menisci) were normal 
and 33 (13 lateral and 20 medial menisci) had tears. Twenty- 
seven (nine lateral and 18 medial menisci) of the meniscal 
tears and all 47 normal menisci were correctly identified on 2- 
D MR images. Six results were false negative (four lateral and 
two medial menisci) and none were false positive. This yielded 
a sensitivity of 82% and a specificity of 100%. 

Axial 3-D imaging successfully showed 32 (13 lateral and 
19 medial menisci) of the 33 tears (Figs. 2-5) and 45 (27 
lateral and 18 medial menisci) of 47 normal menisci. Two 
results were false positive (two medial menisci) and one was 
false negative (medial meniscus). Axial 3-D imaging had a 
sensitivity of 97% and a specificity of 96%. 

If a meniscal tear had been diagnosed on the basis of an 
abnormal finding on any images from the axial 3-D or conven- 
tional 2-D sequences in the sagittal and coronal planes, the 
sensitivity, specificity, and overall accuracy of the combined 
studies would have been 100%. 

Of the 33 torn menisci, there were seven discrepancies 
between the 2-D and 3-D techniques. In six of the seven 
tears, axial 3-D imaging showed a tear not seen on 2-D 





Fig. 2.—Medial meniscal tear. 

A, Axial three-dimensional GRASS image of 0.7-mm-thick section ot knee shows radial tear 
(arrow) in body of medial meniscus. 

B, Corresponding sagittal T2*-weighted MR image (267/20) of 5-mm-thick section of knee shows 
tear (arrow) as area of high signal. 
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Fig. 3.—Lateral meniscal tear associated with discoid lateral meniscus. 


A, Axial three-dimensional GRASS image of 0.7-mm-thick section of knee shows small radial tear (arrow) extending to free edge of discoid lateral 


meniscus. 


B, Corresponding sagittal T2*-weighted MR image (267/20) of 5-mm-thick section of knee does not show tear at all. 
C, Coronal T2*-weighted MR image (217/20) of 5-mm-thick section of knee does not show tear in body of lateral meniscus. 





Fig. 4.—Medial meniscal tear. 
A, Axial three-dimensional GRASS image of 0.7-mm-thick section of knee shows small radial tear 
(arrow) in body of medial meniscus extending to free meniscal surface. 
B, Coronal T1-weighted MR image (600/20) of 5-mm-thick section of knee does not show tear. 


imaging. These included four small radial tears (Figs. 2-5) in 
the body of the meniscus extending to a free meniscal surface 
and two radial tears in the posterior horn. 

In the remaining tear, the findings on axial 3-D images were 
considered normal, whereas the findings on the conventional 
2-D images were considered abnormal. This tear was a small 
radial tear in the posterior horn of the medial meniscus. 

The two false-positive diagnoses resulting from incorrectly 
interpreted signal were made with the axial 3-D technique. In 
each case, it appeared that a tear involved the undersurface 
of the posterior horn of the medial meniscus. 

As determined by the chi-square test, the differences in 
sensitivity and specificity between the two studies in the 


Fig. 5.—Torn menisci associated with discoid 
lateral menisci. Axial three-dimensional GRASS 
image of 0.7-mm-thick section of knee shows ra- 
dial tear (arrow) in body of discoid lateral menis- 
cus. 


detection of meniscal tears failed to demonstrate statistical 
significance at the p < .05 level. 


Discussion 


Conventional MR imaging in the sagittal and coronal planes 
has some limitations in the diagnosis of meniscal tears. Small 
tears on the free edge of the meniscus, linear degeneration 
of the meniscus, or a tear perpendicular to the meniscus may 
not be identified (Figs. 2-5). Accordingly, we evaluated a 
volume scan technique that provides axial images with a slice 
thickness of 0.7 mm. The results in 37 patients are encour- 


aging. 
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Harms et al. [9] first described the value of axial images in 
the diagnosis of meniscal abnormalities, but did not comment 
on the accuracy of axial images made within a 3-D technique. 
It is only with the introduction of fast gradient echoes that 
volume acquisitions can be performed within an acceptable 
examination time. However, volume averaging of adjacent 
bones on axial images is unacceptable when the slice thick- 
ness is more than 1 mm [5-10]. Comparisons of 2-D and 3- 
D imaging in the sagittal and coronal planes show comparable 
results in the detection of meniscal abnormalities [5-10]. 

Recent developments in computer software make a 0.7- 
mm slice thickness possible. Axial images made with this 
technique provide excellent spatial resolution and improved 
visualization of the meniscus (Fig. 1). 

Our study comparing the efficacy of 3-D and 2-D images in 
the evaluation of meniscal tears showed a high sensitivity 
with axial 3-D imaging. Of the 33 meniscal tears proved at 
arthroscopy, there were seven discrepancies between the 
two techniques. In six of these, the findings of 3-D axial 
images were abnormal, whereas findings on corresponding 
2-D images were either normal (n = 4, Figs. 3-5) or equivocal 
(whether normal or not; n = 2, Fig. 2). The tears in the 
abnormal cases were small radial tears located in a free edge 
of the body or posterior horn of the meniscus. The correct 
diagnosis was possible only on the axial 3-D images. Although 
some cases with such a small tear may be clinically asymp- 
tomatic, the cases in this study were symptomatic and healed 
with arthroscopic surgery. Thus, we think that the diagnosis 
of such a small tear is significant when meniscal tears are 
Clinically suspected. 

Despite the lack of a statistically significant difference be- 
tween the efficacy of the two techniques, it was evident to 
us that the meniscal abnormalities were easier to identify on 
axial 3-D images than on coronal and sagittal 2-D images. 
Certainly, one reason for the poor sensitivity of the 2-D 
technique in the diagnosis of meniscal tears was that we 
used wide sections with a 5-mm slice thickness. Thinner 
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sections with a 3- or 4-mm slice thickness were not routinely 
used in our hospital because thin-sliced imaging is not able 
to cover the whole knee joint, and the scarring time might be 
twice as long when compared with that required for 5-mm- 
thick sections. 

Only one meniscus appeared normal on axial 3-D images 
when standard 2-D images showed a tear. There were two 
false-positive results with the axial 3-D technique. In each of 
these cases, the incorrectly interpreted signal involved the 
posterior horn of the medial meniscus, a location known to 
be difficult to evaluate arthroscopically. 
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Pictorial Essay 





CT and MR Evaluation of the Labral Capsular Ligamentous 


Complex of the Shoulder 


James M. Coumas,' Richard J. Waite,’ Thomas P. Goss,” Dudley A. Ferrari, Paulomi K. Kanzaria,’ and 


Arthur M. Pappas? 


Stability of the glenohumeral articulation is dependent on the 
integrity of the rotator cuff, labrum, glenohumeral ligaments, 
capsular elements, and bony glenoid. The importance of the soft- 
tissue elements in maintaining stability has been well docu- 
mented in the surgical literature but has only recently been 
introduced into the radiologic literature. The purpose of this essay 
is to illustrate the normal labrum, capsular complex, and gleno- 
humeral ligaments, including common congenital variations as 
depicted by CT arthrography and MR imaging, and to describe 
the pathologic findings leading to shoulder instability. 


Glenohumeral instability is a complicated clinical entity that 
demands a sophisticated approach if diagnosis is to be correct 
and treatment successful [1, 2]. The shoulder is anatomically 
unstable, so that when an applied force causes the humeral 
head to move excessively relative to the glenoid, subluxation 
or frank dislocation occurs. Dislocation is an anatomic insta- 
bility in which the apex of the humeral head circumference 
moves beyond the glenoid rim. Subluxation is an anatomic 
instability in which the humeral head moves excessively rela- 
tive to the glenoid but short of an actual dislocation. The 
shoulder may be functionally unstable, so that when a piece 
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of tissue, such as a partially detached labral fragment or loose 
body, becomes intermittently interposed between the articu- 
lating surfaces, the shoulder can catch, slip, or lock without 
subluxation or dislocation. 


Anatomy 


The mechanism by which stability of the glenohumeral 
articulation is maintained includes anterior and posterior com- 
ponents (Fig. 1). The components of the anterior complex 
include the anterior capsule, glenohumeral ligaments, synovial 
membrane, labrum (anterior aspect), subscapularis tendon, 
and bony glenoid. The components of the posterior complex 
include the posterior capsule, synovial membrane, labrum 
(posterior aspect), rotator cuff (posterior components), and 
bony glenoid. 

Stability of the anterior complex is in part provided by the 
superior, middle, and inferior glenohumeral ligaments (Figs. 2 
and 3). The superior glenohumeral ligament is best delineated 
on axial sections directly beneath or adjacent to the origin of 
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Fig. 1.—Line drawing of normal shoulder anatomy viewed en face shows 
anterior and posterior components. See key for abbreviations. 


Key to Abbreviations Used in Figures 1-3 


Anterior capsule 

Posterior capsule 

Biceps tendon (long head) 
Subscapularis muscle/tendon 
Subscapularis recess 
Superior glenohumeral ligament 
Middle glenohumeral ligament 
Inferior glenohumeral ligament 
Anterior labrum 

Posterior labrum 

Bony glenoid 


i 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


—_ ob 


the long head of the biceps tendon. This is reliably seen and 
infrequently injured. The superior glenohumeral ligament orig- 
inates at the superior glenoid tubercle of the scapula and 
inserts in the region of the fovea capitis of the humerus near 
the tip of the lesser tuberosity. This is the most reproducibly 
visualized and consistent glenohumeral ligament. 

The middle glenohumeral ligament is the most variable of 
the glenohumeral ligaments, often originating from the glenoid 
just beneath the superior glenoid tubercle and inserting on 
the lesser tuberosity of the humerus (Fig. 2C). The middle 
glenohumeral ligament may originate adjacent to the anterior 
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glenoid labrum or more medially along the scapula neck (Fig. 
4). Differentiating between a middle glenohumeral ligament 
with a low scapular neck origin, which is a variant of normal, 
and migration of the middle glenohumeral ligament medially 
along the scapula neck consequent to anterior capsular shear- 
ing is important in the radiologic assessment of anterior 
instability. 

The inferior glenohumeral ligament reinforces the anterior 
capsule between the subscapularis muscle and the inferior 
aspect of the glenoid at or near the origin of the long head of 
the triceps. This ligament is best seen in the well-distended 
joint with a thickened portion anatomically defined as the 
anterior band of the inferior glenohumeral ligament. Although 
the superior and middle glenohumeral ligaments generally 
take their origin separately from the glenoid labrum, the 
inferior glenohumeral ligament is inseparable from the labrum, 
forming a labral capsular ligamentous complex (Fig. 3C). Injury 
to the inferior labrum incorporates the capsule (labral capsular 
ligamentous complex) and more reliably produces instability 
and carries with it a worse prognosis than injury to the 
superior labrum [3]. 

As a component of the posterior complex, the posterior 
capsule inserts directly into the posterior glenoid labrum in 
contrast to the scapula. This is well demonstrated by CT 
arthrography and MR imaging (Figs. 2 and 3, respectively). 


Abnormalities of the Anterior Complex 


Tears involving the anterior-superior fibrocartilaginous la- 
brum are common in athletes, especially among those engag- 
ing in sports that require forceful and repetitive abduction and 
overhead rotation of the humerus. With displacement, these 
tears may produce functional instability. Labral tears are well 
delineated on CT arthrography with intravasation of contrast 
medium and air into the labrum (Fig. 5A). MR imaging will 
often show fluid interposed between the labrum and the 
subchondral cortex and possibly tracking beneath the anterior 
scapular soft tissues (Fig. 5B). 

Dynamic evaluation is especially helpful in CT arthrography, 
as it often demonstrates pathologic conditions that would 
remain undetected in the neutral position. For this reason, we 
examine all patients in the neutral and external rotation posi- 
tions at our institution. The internal rotation position is used 
for patients in whom posterior injury or instability is suspected. 
External rotation will frequently displace an otherwise nondis- 
placed anterior labral tear, principally through traction pro- 
vided by the glenohumeral ligaments. This is seen on both 
MR and CT scans (Figs. 6 and 7). 

Anterior capsular shearing is shown by the imbibition of 
contrast material and air into the scapular soft tissues, best 
demonstrated at or below the level of the subscapularis 
recess (Fig. 8). CT arthrography with a well distended and 
often secondarily enlarged subscapularis recess delineates 
this area well. MR imaging will show the extension of fluid 
into the scapular soft tissues with fluid interposed between 
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Fig. 2.—CT arthrograms of normal shoulder 
anatomy. 

A, Axial section in neutral position shows nor- 
mal superior glenohumeral ligament (6), long 
head of biceps tendon (3), anterior capsule (1), 
and labrum (9). 

B, Axial section with external rotation better 
illustrates long head of biceps tendon (3) and 
superior glenohumeral ligament (6). 

C, Axial section through subscapularis recess 
shows subscapularis tendon (4), most common 
origin of middie glenohumeral ligament (7), and 
capsular attachments anteriorly (1) and poste- 
riorly (2). 

D, Axial section inferior to bony glenoid shows 
distended axillary recess and inferior glenohu- 
meral ligament (8). 





















Fig. 3.—MR images of normal shoulder anatomy. 

A, Gradient-echo axial image (500/13/20) at level corresponding to Fig. 2A. Note well-delineated long head of biceps (3) adjacent to superior glenoid 
labrum. 

B, Gradient-echo axial image (500/13/20) at level corresponding to Fig. 2C. Note subscapularis tendon (4), middle glenohumeral! ligament (7), and 
anterior glenoid labrum (9) aligned in parallel within subscapularis recess. Also note fibrocartilaginous labrum anteriorly and posteriorly and high-signal- 
intensity articular cartilage interposed between anterior and posterior labrum. Finally, posterior capsule (2) is seen to attach directly onto posterior glenoid 
labrum (10). 

C, Gradient-echo axial image (500/13/20) at inferior glenoid shows anterior labral capsular ligamentous complex (white arrow). Incidentally noted is a 
tear of the posterior glenoid labrum with intravasated fluid (10). 
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Fig. 4.—Variations in site of origin of middle 
glenohumeral ligament. 

A, CT axial section through subscapularis re- 
cess shows a high attachment of middle gleno- 
humeral ligament originating adjacent to anterior 
glenoid labrum (arrow). 

B, CT axial section through subscapularis re- 
cess shows a low origin of middie glenohumeral 
ligament (arrow). 





Fig. 5.—Anterior labral tear. 

A, CT arthrogram with external rotation of 
shoulder shows intravasation of contrast me- 
dium and air into anterior portion of labrum (ar- 
row). 

B, MR gradient-echo axial image obtained 3 
hr before CT arthrogram in same patient shows 
joint fluid intravasation within anterior portion of 
labrum (arrow). 





Fig. 6.—Dynamic evaluation of anterior mid 
substance labral tear. 

A, MR gradient-echo axial image through re- 
gion of subscapularis recess with shoulder in 
neutral position. Inhomogeneity with increased 
signal intensity within anterior glenoid labrum is 
noted (arrow). 

B, With shoulder in external rotation, the 
poorly delineated inhomogeneity in A is now 
better defined as a displaced anterior labral tear 
(white arrow). Incidentally, note origin of middle 
glenohumeral ligament just inferior to superior 
glenoid tuberosity (black arrow). 





A B 





Fig. 7.—Dynamic evaluation of labral detachment. 

A, CT arthrogram with shoulder in neutral position shows a subtle linear focus of contrast material interposed between bony glenoid and superior 
labrum (arrow). 

B, With external rotation of shoulder, CT arthrogram shows anterior glenoid labrum is detached and displaced laterally away from the subchondral! 
bone, showing an anterior labral detachment (arrows). 

C, MR gradient-echo axial image with external rotation of shoulder shows labral detachment (arrows). 
















Fig. 8.—CT arthrograms of anterior capsular 
shearing. 

A, Axial section at level of subscapularis re- 
cess shows thinning of scapular neck soft tis- 
sues, associated with stranding and imbibition 
of air and contrast material into scapular soft 
tissues and adjoining anterior labrum (arrows). 

B, With external rotation of shoulder, scapular 
soft tissues are elevated and redundant, with air 
now well interposed between bony scapular 
neck and sheared soft tissues (arrow). 


A 


Fig. 9.—Three variations of anterior shearing on MR images. 

A, Gradient-echo axial image shows prominent effusion with high-signal-intensity fluid tracking beneath anterior glenoid labrum and along anterior 
scapular neck (black arrow). Incidentally noted is Hill-Sachs deformity (white arrow) in posterior and lateral aspect of humeral head, confirming previous 
anterior dislocation. 

B, Gradient-echo axial image shows high signal intensity consistent with fluid interposed between scapular soft tissues and a portion of the base of 
the anterior glenoid labrum and bony glenoid (arrow). 

C, Gradient-echo axial image shows subtle high signal intensity in anterior scapular soft tissues, consistent with early shearing (arrows). 


Fig. 10.—Posterior labral tears. 

A, CT arthrogram shows intravasation of con- 
trast material adjacent to posterior glenoid with 
absent posterior glenoid labrum (black arrow). 
Note filling defect inferiorly adjacent to posterior 
capsule, which may represent locally displaced 
posterior labral fragment (white arrow). 

B, MR gradient-echo axial image shows high 
signal intensity posteriorly interposed between 
bony glenoid and posterior labrum (arrow) in 
same patient. 








A B 


Fig. 11.—Labral capsular junction tears. 

A, CT arthrogram shows intravasation of contrast material interposed between posterior glenoid labrum and posterior capsule, consistent with a tear 
at the labral capsular junction (arrow). 

B, External rotation produces a redundancy of the posterior capsule and exaggerates the tear at posterior labral capsular junction on CT arthrogram. 
Incidentally noted is notchlike tear involving posterior glenoid labrum (arrow). 

C, MR image of same patient shows high signal intensity interposed between posterior glenoid and capsule, showing a posterior labral capsular junction 
tear (black arrow). Also note high signal intensity indicating a notchlike tear of the posterior glenoid labrum (white arrow). 





A B 


Fig. 12.—Three examples of posterior capsular tear. 

A, CT arthrogram shows focal tear of posterior capsule with intravasation of contrast material into posterior soft tissues (arrows). Note that posterior 
glenoid labrum appears intact. 

B, CT arthrogram shows a gross tear of the posterior capsule. Incidentally noted is air and contrast material within macerated anterior labrum and 
remnant of torn posterior capsule (arrow). 


C, MR image shows high signal intensity consistent with a large joint effusion with a curvilinear low-signal strand originating from posterior glenoid 
labrum, consistent with remnant of torn posterior capsule (arrow). 
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the bony glenoid and scapular soft tissues (Fig. 9). This is 
often subtle and not well shown owing to the lack of distension 
of the subscapularis recess on MR images. 


Abnormalities of the Posterior Complex 


Tears involving the posterior glenoid labrum are uncom- 
mon. They may be seen consequent to anterior or posterior 
instability, multidirectional instability, or direct trauma (Fig. 
10). As noted previously, the fibrous posterior capsule inserts 
directly into the posterior glenoid labrum in contrast to the 
scapula. Posterior labral capsular junction tears occur at this 
region and are best delineated in the neutral position (Fig. 
11). Dynamic evaluation will often foster the intravasation of 
contrast material and air (CT arthrography) into a posterior 
labral capsular junction tear. With MR imaging, fluid is seen 
interposed between the posterior glenoid labrum and the 
posterior capsule (Fig. 11). A common pitfall in the diagnosis 
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of posterior labral capsular junction tears occurs with external 
rotation, which will create a redundancy of the posterior 
capsule at the labral capsular junction and an apparent labral 
capsular junction tear. This “tear” is, however, absent in 
neutral and internal rotation. Intravasation of air and contrast 
material into the region of the infraspinatus muscle suggests 
a posterior capsular tear with a high prevalence of associated 
anatomic instability [4] (Fig. 12). 
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Book Review 





Immunoscintigraphy. Practical Aspects and Clinical Applications. By A. C. Perkins and M. V. Pimm. New York: 


Wiley-Liss, 193 pp., 1991. $59.95 


This concise text is written by two British authors who have 10 
years experience with radiolabeled monoclonal antibodies. The text 
is designed to be a “handbook of immunoscintigraphy aimed at 
nuclear medicine personnel.” It focuses on practical aspects rather 
than on giving an exhaustive review of all immunoscintigraphy. Given 
the wide spectrum of health care workers in nuclear medicine today, 
this is not an easily achieved task, and the authors have only partially 
succeeded. 

The book has eight chapters and a glossary of immunologic 
terminology. The first chapter deals with production, purification, and 
quality control of monoclonal antibodies and is well written. The basic 
principles of immunology are presented clearly and briefly. The sec- 
ond and third chapters deal with the preparation of radiolabeled 
monoclonal antibodies and the animal models used to assess the 
antibodies’ efficacy. Both chapters are too long and detailed for the 
scope of this text. Chapter 4 discusses administration of monoclonal 
antibodies to patients; it includes the pharmacokinetics of radiola- 
beled monoclonal antibodies and discusses legal and ethical guide- 
lines for studies that use monoclonal antibodies. In chapter 5, the 
authors discuss in detail the major limitations of using monoclonal 
antibodies in imaging studies and explore techniques of image en- 
hancement, including background subtraction, dual radionuclide im- 
aging subtraction, and single-photon emission computed tomogra- 
phy. Chapter 6 outlines the immunologic response to monoclonal 
antibodies and provides an overview of the different types of immu- 
nologic hypersensitivity reactions. In chapter 7, the authors attempt 
to outline the clinical role of immunoscintigraphy in benign and malig- 


nant disease. Unfortunately, this is a disappointing chapter. This may 
be a reflection of the state of the art of imaging with monoclonal 
antibodies rather than of the limitations of the authors. In discussing 
immunoscintigraphy of colonic cancer, the authors mention 15 differ- 
ent polyclonal and monoclonal antibodies and four different tracers 
but provide no clear conclusion as to which agent is best and when 
and how these antibodies could be used. Similar discussions occur 
on gynecologic malignant tumors and breast and lung cancer. Chap- 
ter 8 provides a brief outline of future prospects for immunoscintig- 
raphy. 

An adequate number of up-to-date references are included 
throughout the text. The two authors are able to avoid many of the 
problems of a text that has several authors, and thus they have 
eliminated repetition of material throughout the eight chapters. One 
criticism is that the authors refer too often to their own unpublished 
work. 

For the most part, this text fulfills its goal as a handbook of 
immunoscintigraphy. It provides a timely although not exhaustive 
review of the topic that will be helpful to practitioners of nuclear 
medicine who are interested in scintigraphy with monoclonal 
antibodies. 
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Radiation-Induced Insufficiency 
Fractures of the Pelvis: Evaluation 
with *°"Tc-Methylene Diphosphonate 
Scintigraphy 





*°™Tc¢-methylene diphosphonate (°°"Tc-MDP) bone scans in 80 patients, 30-80 years 
old (average, 62 years old) with uterine cancer who received high doses of radiation 
(10-60 Gy; average, 46 Gy) were reviewed retrospectively to evaluate the frequency of 
pelvic insufficiency fractures caused by radiotherapy and to study the appearance of 
the fractures on bone scans. Bone scans in 29 of 80 patients showed abnormalities in 
the pelvis: insufficiency fractures were identified in 27 patients (34%) and osseous 
metastases were found in two patients (3%). The fractures and metastases were 
diagnosed by CT and were confirmed by observing the patients’ clinical courses. 
Fractures were identified in 27 (39%) of 69 postmenopausal women and in none of 11 
premenopausal patients (p > .05). Fractures were found in 21 (84%) of 25 patients who 
had pelvic pain and in six (11%) of 55 patients who were asymptomatic (p > .001). 
Scintigrams in patients with fractures showed more than one fracture in most patients 
(85%), and fractures were often symmetric (67%). Scintigrams in two patients with 
osseous metastases showed increased activity in an iliac wing that was outside the 
radiation field. 

Our results suggest that a marked increase in insufficiency fractures occurs after 
radiation therapy, especially in postmenopausal patients. A symmetric area of increased 
uptake of radionuclide is a characteristic scintigraphic appearance of an insufficiency 
fracture. 


AJR 158:599-602, March 1992 


Insufficiency fractures occur as a result of normal physiologic stresses on bones 
with deficient elastic resistance [1]. They are a type of stress fracture often seen 
in postmenopausal women, in patients who have had exposure to radiation, or in 
patients who have had high doses of steroids [2-4]. It seems likely that an increase 
in pelvic stress fractures is associated with pelvic irradiation for uterine cancer. 

To test this hypothesis, we retrospectively reviewed bone scans of 80 patients 
with uterine cancer who had had radiation treatment of the pelvis. When bone 
scans showed pelvic abnormalities, CT scans of the pelvis were obtained to 
differentiate between insufficiency fracture and osseous metastasis. The frequency 
of pelvic insufficiency fractures, their location in the pelvis, and their appearance 
on bone scans were studied. The cumulative radiation dosage of all patients and 
the time from the beginning of radiotherapy to the appearance of initial symptoms 
in the symptomatic patients were also examined. The frequencies of the fractures 
in premenopausal and postmenopausal women, and in symptomatic and asymp- 
tomatic patients were compared. 


Materials and Methods 


Bone scans of the pelvis were retrospectively examined in 80 patients with uterine cancer 
(76 with cervical cancer and four with cancer of the corpus uteri) who had received. radiation 
therapy. All scans were obtained between January 1984 and July 1989. | 





The patients were 30-80 years old (average age, 62 years) (Table 
1). Sixty-nine of the 80 subjects were postmenopausal. None of the 
subjects had a history of trauma, symptoms suggesting bone lesions 
in the pelvis before radiation therapy, or surgery involving the pelvic 
bones. None of them had received a high dose of steroids or drugs 
that might interfere with bone metabolism. Plain radiography, per- 
formed in each patient as a baseline study before radiation therapy, 
showed no preexisting bony abnormalities indicating osseous metas- 
tasis or insufficiency fracture. The patients did not have scintigraphy 
before irradiation. 

All patients received standard high-dose X-ray irradiation from a 
10’-V linear accelerator (Mitsubishi MTC-11A, Tokyo, Japan). A dos- 
age of 10-60 Gy (average, 46 Gy) was administered at 2 Gy/day (not 
exceeding 10 Gy/week). The source-to-tumor distance was 100 cm. 
The irradiation field for each patient included the entire sacrum and 
pubic bones and the medial portion of the ilium adjacent to the 
sacroiliac joint. In addition, all but six patients received internal 
irradiation with radium at doses of 12-30 Gy (average, 21 Gy), 
although the absorbed dose in the sacrum and iliac bones from 
intraluminal radiotherapy was negligible compared with that from the 
external radiotherapy [5]. The total treatment period varied from 4 to 
15 weeks. 

All 80 subjects had one to three bone scans. Fifty-five (69%) were 
asymptomatic and had initial bone scans within 1 year after radiation 
therapy to screen for osseous metastasis. Twenty-five patients (31%) 
had bone scans because of pelvic pain, groin pain, or both. The 
interval from the beginning of radiation therapy to the last recorded 
bone scan ranged from 3 to 60 months. Bone scans were obtained 
with a gamma camera (Ohio Nuclear Sigma 410, Cleveland, OH) 4- 
5 hr after IV injection of 481 MBq *"Tc-methylene diphosphonate 
(°°"Tc-MDP). (At our institution, bone scans are routinely obtained 4- 
5 hr after injection of °°"Tc-MDP to reduce the background.) Antero- 
posterior and posteroanterior views were taken. A tail-on-detector 
view was not obtained in this series. Single-photon emission CT was 
not done either. 

CT scans were obtained in patients with bone scans that showed 
abnormalities in the pelvis to differentiate between insufficiency frac- 
tures and osseous metastases. The interval between bone scanning 
and CT scanning was 3-14 days. CT scans were obtained with a 
Toshiba TCT-900S unit (Tokyo, Japan) with a slice thickness of 10 
mm and window settings for both bone and soft tissue. 

The diagnostic criteria for insufficiency fractures included regionally 
increased activity of radionuclide on scintigraphy, demonstration of 
fracture lines or endosteal callus formation without osteolytic lesions 
or soft-tissue mass on CT, and a clinical course that did not indicate 
the presence of osseous metastases. 

The frequency of insufficiency fracture among 80 subjects was 
evaluated, and the findings on bone scans were classified according 
to the site of abnormality in the pelvis as follows: upper portion of 
sacrum (S1-S2), lower sacrum (S3-S5), sacroiliac joint (sacral ala 
and a smaller medial portion of the ilium), pubis, ischium, and iliac 
wing (not included in the radiation field). The appearance of the 
fracture on the bone scan was Classified as single, multiple, and/or 
symmetric. 

In patients with symptomatic insufficiency fracture, the time from 
the beginning of radiotherapy to the appearance of initial symptoms 


TABLE 1: Age Distribution in Patients Studied 





No. of Cases (No. 


Age (years) with Fracture) 
30-40 8 (0) 
40-50 4 (0) 
50-60 20 (6) 
60-70 25 (9) 
70-80 22 (11) 
80+ 1 (1) 

Total 80 (27) 








was studied, and the total dosage of irradiation was determined. The 
relationship of menopause to the insufficiency fracture was evaluated. 

The patient’s symptoms were evaluated every week during radia- 
tion therapy, every month within 1 year after radiation therapy, and 
every 2 months more than 1 year after radiation therapy. Follow-up 
radiographs were obtained every 2 months after radiation therapy. 

To clarify whether irradiation contributed to the pelvic insufficiency 
fractures, we reviewed bone scans of 80 control subjects over 50 
years old (range, 50-77; average, 59) with breast cancer who did not 
have pelvic irradiation. 


Results 


Of the 80 patients who had pelvic irradiation for uterine 
cancer, scintigraphic abnormalities in the pelvis were seen in 
29. Twenty-seven (34%) of the 29 patients had pelvic insuf- 
ficiency fractures. These 27 patients were 53-80 years old 
(average, 66 years; Table 1). All 27 were postmenopausal; no 


TABLE 2: Number of Insufficiency Fractures According to 
Radiation Dose Received 





No. with 
External Radiation Dose Insufficiency 
(Gy) All Cases Fracture (No. with 
Symptoms) 
10-20 1 1 4h) 
20-30 0 0 (0) 
30-40 1 tii 
40-50 24 2 (1) 
50-60 38 18 (14) 
60+ 16 5 (4) 
Total 80 27 (21) 





TABLE 3: Time from Beginning of Radiotherapy to Appearance 
of Initial Symptoms in 21 Patients with Symptomatic 
Insufficiency Fracture 





Period (months) No. of Cases 
6-12 5 
12-24 11 
24-36 4 
36-48 1 
48+ 0 
Total 21 


sacroiliac joint 62% 


(sacral ala 53%, ischium 8%) 


upper sacrum 28% 


lower sacrum 4% 


pubis 4% 
ischium 3% 


Fig. 1.—Diagram shows distribution of insufficiency fractures in pelvis. 
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Fig. 2.—Insufficiency fracture exhib- 
iting typical H-shaped appearance in a 
79-year-old woman. 

A and B, Anterior (A) and posterior 
(B) bone scans. Foci of increased ac- 
tivity are present in bilateral sacroiliac 
joints and upper sacrum, showing H- 
shaped appearance. Other foci of in- 
creased activity are noted in right 
pubis, right ischium, and lower sacrum. 
Findings in left pubic region are equiv- 
ocal (arrows). Although tail-on-detector 
view was not obtained, it could have 
shown whether this finding represents 
asymmetric bladder activity only or a 
pubic fracture superimposed on normal 
bladder activity. 

C, CT scan of pelvis at level of sac- 
roiliac joints shows fracture line in right 
sacral ala (arrows) and another one 
surrounded by osteosclerosis with an 
endosteal callus formation in left sacral 
ala (arrowheads). 

D, CT scan at level of pubis shows 
displaced fracture in right pubis and 
fracture line in left pubis (arrow). 


Fig. 3.—Insufficiency fracture in- 
volving one sacroiliac joint and sacrum. 

A, Bone scan (posterior view) in a 
67-year-old woman. Increased activity 
is noted in right sacroiliac joint and 
upper sacrum. (Bladder activity ap- 
pears asymmetric, but no fracture was 
demonstrated in right pubis on CT.) 

B, CT scan shows fracture of right 
sacral ala (arrow) and osteosclerotic 
change in right sacroiliac region (ar- 
rowheads). 
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insufficiency fractures occurred in premenopausal women (p 
> .05). Pelvic insufficiency fracture was observed in four (5%) 
of 80 patients with breast cancer who did not receive pelvic 
irradiation. 

Insufficiency fractures were found in 21 (84%) of 25 symp- 
tomatic women who had had pelvic irradiation, but in only six 
(11%) of 55 asymptomatic women (p > .001). Of the 21 
symptomatic patients with scintigraphic findings of insuffi- 
ciency fracture, the cumulative radiation dosage of external 
radiation when the initial symptoms appeared was at least 40 
Gy in 19 patients (90%), although it varied from 10 to 60 Gy 
(Table 2). The initial symptoms of the fracture appeared within 
1 year after the beginning of radiotherapy in 16 cases (76%; 
Table 3). 

The distribution of involvement of insufficiency fracture in 
the pelvis was as follows: sacroiliac joint in 61% (sacral ala in 
53% and a medial portion of ilium in 8%), upper sacrum (S1- 
S2) in 28%, lower sacrum (S3-S5) in 4%, pubis in 4%, and 
ischium in 3%. The iliac wing, which was not irradiated, was 
never involved (Fig. 1). More than one site of increased activity 
was observed in 23 (85%) of 27 patients. These foci were 
often distributed symmetrically (18/23): in both the bilateral 
sacroiliac joints and sacrum in 13 patients and in bilateral 
sacroiliac joints in five patients. In four of these patients, a 
typical H-shaped appearance was seen; in two of the four, 
additional involvement of both pubis and ischium was noted 
(Fig. 2). Multiple foci of asymmetric increased activity involving 
one sacroiliac joint and the sacrum were found in the other 
five patients (Fig. 3). A single site of increased activity was 
observed in four patients, on one side of the sacroiliac joint 
in each case. 

Osseous metastases were found in two patients (3%); both 
were iliac bone metastases. Bone scans in these patients 
showed increased activity of radionuclide on one side of the 
iliac wing situated outside the radiation field. 

In every patient with insufficiency fractures, CT showed 
one or more fractures lines surrounded by endosteal callus 
formation or endosteal callus formation only. CT in two pa- 
tients with pelvic bone metastases showed osteolytic 
changes in the ilium due to direct invasion by iliac lymph-node 
metastases. Insufficiency fractures and osseous metastases 
were correctly diagnosed by CT, and were confirmed by 
observing the clinical courses thereafter. 

Most symptomatic patients became asymptomatic after 
conservative therapy. However, in two patients, follow-up 
plain radiographs disclosed displacement of the fractures 
pubis and ischium. 


Discussion 


Insufficiency fractures are associated with radiation treat- 
ment, although their frequency after irradiation has not been 
determined. Our results show a 34% prevalence of insuffi- 
ciency fractures after standard radiation therapy for pelvic 
cancer. 

The occasional development of insufficiency fracture is well 
known in postmenopausal women [2-4]. Although plain ra- 
diographs were obtained as a baseline before the beginning 
of radiotherapy in our study, preexisting insufficiency fractures 
might not have been detected [2, 6-8]. However, preexisting 
insufficiency fractures were unlikely in these patients. Insuffi- 
ciency fracture was confirmed in only four patients with breast 


cancer who did not receive pelvic radiation. Thus, we con- 
clude that insufficiency fractures occur significantly more often 
in women who have had radiation therapy. 

Symptomatic patients proved to have insufficiency frac- 
tures more frequently than did asymptomatic patients. In 
many of the symptomatic patients, initial symptoms appeared 
within 1 year of the beginning of radiation therapy. 

Although the number of cases studied was small, insuffi- 
ciency fractures were observed in 11% of asymptomatic 
patients. This indicates that screening bone scanning is war- 
ranted, even in asymptomatic women, who are postmeno- 
pausal and have had radiotherapy of the pelvis. 

Scintigrams showed increased uptake of radionuclide in 
the sacroiliac joints and/or the sacrum in most patients with 
insufficiency fracture. Many cases showed symmetrically in- 
creased activity in the pelvis (67%), including four cases in 
which a typical H-shaped appearance was seen on scinti- 
grams. Thus, this pattern of symmetrically increased activity 
in the pelvis suggests insufficiency fracture [6, 7]. Most cases 
showed multifocal areas of increased activity in the pelvis, 
either symmetric or asymmetric. A single lesion was noted in 
only four cases. 

Insufficiency fractures and osseous metastases were cor- 
rectly diagnosed by using CT and were confirmed by observ- 
ing the clinical courses thereafter. Thus, CT may well be 
regarded as an appropriate method for differentiation between 
insufficiency fractures and osseous metastases [2, 8, 9]. CT 
can delineate an abnormality well, particularily when a region 
with suspected pathology is studied. In patients with malig- 
nancy, however, whole-body screening for osseous metas- 
tases as well as insufficiency fractures should be required. 
Bone scans would be appropriate for this purpose. 

In conclusion, our study suggests that pelvic insufficiency 
fractures are detected frequently on scintigraphy in patients 
who have had radiation therapy for pelvic cancer, especially 
in postmenopausal women. A typical pattern of insufficiency 
fracture on bone scans comprises symmetric areas of in- 
creased activity in the pelvis. When the appearance on the 
bone scan is not characteristic of insufficiency fracture, we 
recommend that a CT scan be obtained to differentiate be- 
tween insufficiency fractures and osseous metastases. Rec- 
ognition of the higher frequency of this type of fracture in 
these clinical settings and the characteristics on the bone 
scan could avoid misdiagnosis of osseous metastasis and 
inappropriate treatment. 
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Pictorial Essay 





Musculoskeletal Infections in Patients with AIDS: 
CT Findings 


Donna Magid’? and Elliot K. Fishman’ 


The CT appearances of various musculoskeletal infections tion or confirming the response of the host to therapy. As a 
found in patients with AIDS are illustrated. Recognition of these screening examination for patients with AIDS, CT can suggest or 
infections is important for management of patients, but conven- confirm the presence of musculoskeletal infections even when 
tional laboratory tests may be inadequate in screening for infec- infection has not been suspected. 





Fig. 1.—Cellulitis in a 33-year-old female IV Fig. 2.—Myonecrosis in a 41-year-oia tv drug abuser who was found in a stupor at the bottom of 
drug abuser with 4-day history of swelling of right a flight of stairs. 
arm. Axial CT scan through mid humerus shows A, Axial CT scan through lumbar spine. Marked enlargement and diffuse decreased attenuation 


moderate focal cellulitis of posterior medial sub- of right paraspinous muscles (arrow) are compatible with myonecrosis. No evidence of intramuscular 
cutaneous soft tissues. Skin thickening and patchy air or overlying cellulitis is seen. 

increased density of subcutaneous fat are present. B, Axial CT scan at level of subtrochanteric femur. Enlargement and decreased attenuation of 
Deep muscle looks normal, but a fluid collection pectineus and adductor magnus muscles on right and of external obturator muscle on left (arrows) 
was detected at a more distal level. Pus (250 ml) are compatible with nonclostridial myonecrosis. It was unclear whether myonecrosis was produced 
drained later the same day was positive for Strep- by drug-induced immobility or by the fall. 

tococcus. 
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The AIDS epidemic has rapidly altered our understanding 
of infectious diseases. The patient with AIDS is prone to 
infection with both common and opportunistic agents. Clinical 
presentation may be delayed because of the host’s impaired 
capacity to mount a response and the absence of symptoms 
suggesting infection. Response to therapy often is subopti- 
mal, producing chronic or borderline subclinical diseases. 
Conventional laboratory tests may be inadequate to screen 
for infection or to confirm host response to therapy [1, 2]. 

CT may provide important data suggesting or confirming 
the presence of musculoskeletal infections, even in patients 
in whom such infections are not suspected. CT is readily 
available, relatively noninvasive, requires little patient compli- 
ance, and can image all tissues in a field of interest (unlike 
gallium, indium, or conventional radiographic studies). In our 
experience, this capacity to discover the clinically unexpected 
finding makes CT one of the best screening examinations for 
patients with AIDS [3]. This essay illustrates some of the 
musculoskeletal CT findings in this group of patients. 


Cellulitis and Lymphedema 


Cellulitis usually is clinically detectable, but especially in the 
AIDS patient, superficial primary cellulitis and cellulitis asso- 
ciated with deep infection are difficult to distinguish. Conven- 
tional radiographs are inadequate for making this distinction; 
they do not show soft tissues and fascial layers and generally 
do not show early osseous changes. Primary cellulitis mostly 
modifies tissue density without creating a mass effect; the 
attenuation of subcutaneous fat rises from —90 to —120 H to 
an attenuation closer to that of soft tissue (Fig. 1). An under- 
lying disease of the soft tissue or bone may be detected, both 
confirming the diagnosis and suggesting appropriate therapy. 





Fig. 3.—Intramuscular hematoma in a 24-year-old IV drug abuser with 
marked swelling of right thigh. Axial CT scan shows marked increase in 
diameter of right compared with normal left thigh at same level. Moderate 
cellulitis is present throughout anterior and lateral subcutaneous fat. Right 
vastus intermedius muscle is enlarged and has a lower attenuation central 
fluid collection surrounded by an irregular, normal-attenuation residual 
border. This appearance closely mimics abscess, which, especially in an 
immunocompromised patient, can be ruled out only by aspiration. (Re- 
printed with permission from Magid and Fishman [3].) 
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Lymphedema can also be primary or associated with more 
proximal obstruction or destruction (mass, burns, radiation 
therapy, trauma, and parasitic infection). The engorged tis- 
sues and stagnant lymphatic fluids provide excellent culture 
media for streptococcal or other secondary infections. CT 
shows a subcutaneous reticulated or honeycomb pattern that 
does not enhance. The fibrous septa have the low attenuation 
of soft tissues (20-30 H) and are superimposed against a 
background of residual fatty subcutaneous densities and 
normal deep muscle layers. 


Myonecrosis and Soft-Tissue Abscess 


True clostridial myonecrosis is rapidly destructive and often 
lethal. It is common after trauma or surgery. Nonclostridial 
myonecrosis is also increased in the presence of muscle 





Fig. 4.—Abscess in a 45-year-old man with AIDS. CT scan obtained 
after IV injection of contrast material shows focal abscess with thick, 
irregular enhancing rim in posterior vastus lateralis muscle. Overall muscle 
is of the same size, shape, and density as normal muscle on right side. 
(Reprinted with permission from Magid and Fishman [3].) 





Fig. 5.—Abscess in left calf in a 35-year-old man with AIDS. Contrast- 
enhanced axial CT scan shows minimally enlarged region of low attenua- 
tion in deep calf, which proved to be an abscess. 
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tissue anoxia or trauma, especially with contamination by 
foreign matter. Our anecdotal experience suggests that the 
apparent predominance of nonclostridial myonecrosis in AIDS 
patients reflects the increasing number of IV drug abusers 
infected with AIDS. These patients traumatize their muscles, 
fail to observe sterile technique, and occasionally enter pro- 
longed states of stupor and immobility; more than one risk 
factor may be involved. Our tendency to be more aggressive 
about imaging such patients probably also contributes to the 
apparent increase. 

Myonecrotic muscle is enlarged and has a decreased at- 
tenuation value compatible with that of edema (Fig. 2). Local 
intramuscular collections of fluid or gas may be seen. Intra- 


Fig. 6.—Multiple soft-tissue abscesses in a 44- 
year-old man with human immunodeficiency virus 
and mild hip pain. 

A, Axial CT scan at level of greater trochanter 
(narrow tissue windows, width 267 and level 21) 
shows enlargement of gluteal muscles on left, with 
focal low-attenuation collection in gluteus medius 
muscle. Focal enlargement of muscles anterior to 
left hip (arrow) is also present, with focal low- 
density collections that were biopsy-proved staph- 
ylococcal abscesses. Bone windows showed no 
evidence of periosteal reaction or cortical inva- 
sion. 

B, Axial CT scan through L5 shows large het- 
erogeneous collection in left psoas muscle, with 
areas of both increased and decreased attenua- 
tion, which was proved to be a psoas and retro- 
peritoneal abscess communicating with the gluteal 
collection. No definite history of direct gluteal in- 
jections was revealed. Left sacroiliac joint was 
also fused; clinical impression was of Reiter dis- 
ease. 

(Courtesy of J. D. Michelson, Johns Hopkins 
Hospital, Baltimore, MD.) 
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Fig. 7.—Septic arthritis in sacroiliac joint in a 
35-year-old patient with endocarditis and lower 
back pain. Axial CT scan shows marked destruc- 
tion of anterior right sacroiliac joint, with erosions 
and sclerosis on both apposed margins. Right 
iliopsoas muscle is only minimally enlarged. 
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muscular gas may reflect clostridial infection, direct injection, 
trauma, or dissecting alveolar rupture or intestinal perforation, 
but we have also seen AIDS patients with both nonclostridial 
myonecrosis and multifocal local abscesses. IV contrast ma- 
terial enhances the difference between normal (vascularized) 
muscle and myonecrotic tissue and may help define ab- 
scesses. The use of narrowed soft-tissue windows is essen- 
tial for detecting subtle changes in attenuation. CT defines 
deep abscesses best, and can be used to guide therapeutic 
drainage procedures. In isolated abscesses, surrounding 
muscle retains nearly normal size, contour, and density. In 
some cases, the clinical and radiologic features of hematoma 
may mimic those of abscess (Figs. 3-6). 





Fig. 8.—Thoracic tuberculosis in a 32-year-old patient with AIDS and poorly defined back pain. 

A, Lateral chest film shows marked anterior wedging of one vertebral body in lower thoracic spine 
with no definite endplate destruction or soft-tissue mass. 

B, Axial CT scan shows paravertebral soft-tissue mass of heterogeneous density. Vertebral body 
is markedly fragmented and destroyed. No definite encroachment of thecal space is evident. 
Tuberculosis was proved at surgery. 
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Fig. 9.—Lumbar diskitis in a 39-year-old man 
with AIDS who had CT to rule out intraabdominal 
abscess or bowel perforation. 

A, Contrast-enhanced CT scan at conventional 
tissue windows (width 426, level 7) shows irregu- 
larity and destruction of one thoracic vertebral 
body and only subtle findings of a left paraverte- 
bral soft-tissue mass and decrease in tissue atten- 
uation (arrow). 

B, Radiograph obtained subsequently of lateral 
lumbar spine shows marked erosion and destruc- 
tion of apposed endplates at L3-L4. 





Fig. 10.—Vertebral and sacroiliac tubercular osteomyelitis in a 28-year-old woman with AIDS and abdominal pain. 

A, Axial CT scan of proximal lumbar spine shows moderate erosion of posterior aspect of one vertebral body with no definite soft-tissue mass. 

B, Axial image at bone windows (width 1000, level 150) shows marked erosion and destruction on both sides of sacroiliac joint at level of S1. Moderate 
iliopsoas mass is seen poorly at these windows. Fragmentation of bone is marked. 

C, CT scan at soft-tissue windows (width 416, level 36) shows heterogeneous soft-tissue mass in right psoas muscle. Both low-density areas and focal 
high-density areas are compatible with soft-tissue calcifications or fragments of destroyed bone (arrow). These proved to be tubercular osteomyelitis 


with a tuberculous abscess. 


Osteomyelitis 


The combination of suppressed clinical manifestations and 
inadequate host defenses has produced some dramatic and 
unusual radiologic expressions of osteomyelitis in patients 
with AIDS. The relatively late detection and poor therapeutic 
response further contribute to the potentially striking CT 
appearance of some of these infections. 

Regardless of the cause, the source of infection in osteo- 
myelitis is either hematogenous, traumatic, or via contiguous 
spread [4]. The sequence of multiplication of pathogens, 
marrow edema, venous stasis, and osteoclastic stimulation 
produces early cortical fissuring. The subperiosteal space 
may be invaded. Plain films cannot show early demineraliza- 


tion, bony resorption, or osteopenia. Early soft-tissue edema 
also is poorly detected by radiographs. CT is better for 
showing early soft-tissue or medullary changes, focal cortical 
erosion or coarsening, and early periosteal reaction or new 
bone formation (Fig. 7). It also can show unsuspected osteo- 
myelitis in patients scanned for other indications. We have 
had five patients with AIDS and presumed gastrointestinal or 
genitourinary disease in whom previously unsuspected tho- 
racolumbar tuberculosis was revealed on CT scans (Figs. 8- 
11). Tuberculosis should be considered in any patient with 
AIDS, as it seems to be disproportionately prevalent in some 
series. 

In conclusion, musculoskeletal infections in patients with 
AIDS are similar to infections in patients who do not have 
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AIDS. In patients with AIDS, however, the infections are more 
common, are more advanced at presentation, show a wider 
spectrum of sites and agents, and are more likely to show an 
inadequate or delayed response to therapy. The index of 
suspicion should be high when reviewing CT scans of patients 
with AIDS, as unanticipated musculoskeletal infections may 
be encountered. 
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Book Review 





Handbook of Orthopedic Terminology. By Ray F. Kilcoyne and Edward L. Farrar. Boca Raton, FL: CRC Press, 


155 pp., 1991. $29.95, softcover 


This book is an extension of the earlier work by the same authors, 
Handbook of Radiologic Orthopedic Terminology, published by Year 
Book Medical. It is in some ways a surprising book, as the title and 
size of this softcover edition belie the vast amount of information to 
be found within. 

The book begins with a glossary of a large number of terms and 
eponyms found in orthopedic radiology. This is followed by a chapter 
on terminology of fractures and principles of internal fixation, together 
with a moderately comprehensive list of orthopedic hardware, includ- 
ing a small separate chapter on implants for joint replacement. The 
bulk of the text concerns fractures and is divided into chapters on 
each area of the skeleton. These chapters consist of basic descrip- 
tions of the anatomy of the area, followed by illustrations of classifi- 
cations and types of fractures to be found in each respective anatomic 
region. The book has no radiographs per se; however, the text is 
freely illustrated with high-quality line drawings and diagramatic illus- 
trations. 

This book is an extremely handy and comprehensive reference of 


orthopedic terminology, fractures, and instrumentation. The text is 
concise and easy to read, and the illustrations are appropriate and 
well drawn. For such a small book, an extraordinary amount of 
information is presented, and small segments on conditions such as 
deformities of the foot are included, which are extremely useful and 
negate the need to search out large and specialized orthopedic texts 
for reference. 

My only real criticisms are minor and refer to slight differences of 
opinion in one or two of the glossary descriptions and in the omission 
of a few orthopedic devices, most notably the Ilizarov frame, which 
is becoming increasingly popular. | have no doubt that this book is a 
must for residents in training, and its scope and depth make it 
appropriate reading and reference material for anyone in orthopedic 
radiology. 


Jeremy W. R. Young 
University of Maryland Medical System 
Baltimore, MD 21201 
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Case Report 





An Unusual Epiphyseal Osteoid Osteoma 


Jeffrey M. Brody,’ Anne C. Brower,’ and F. Brett Shannon? 


We describe a patient who had an osteoid osteoma involv- 
ing the epiphysis. The nidus abutted the growth plate and the 
lesion caused numerous problems in diagnosis and treatment. 
The case is unusual because osteoid osteomas are almost 
always located in the metaphysis or diaphysis of long bones. 
Only 13 cases involving the epiphysis have been reported [1- 
3]. In the case we present, newer imaging techniques for 
diagnosis and treatment were used. 


Case Report 


A 10-year-old boy had a 1-year history of persistent pain in the 
right knee. The pain was partially relieved by salicylates. The knee 
had a full range of motion and no point tenderness, but soft-tissue 
atrophy of the right calf and thigh were present. WBC counts, 
hematocrit, and erythrocyte sedimentation rate were normal. 

Plain radiographs (Fig. 1A) were initially interpreted as showing 
soft-tissue atrophy and diffuse osteoporosis with a small region of 
preserved bone density near the lateral femoral physis. A aiid | 
methylene diphosphonate bone scan showed generalized decreased 
activity on the blood flow, blood pool, and static images in the affected 
knee compared with the normal knee. A small focal area of slightly 
increased activity was visible on the static image (Fig. 1B). MR images 
(Figs. 1C and 1D) showed a focal epiphyseal lesion. Linear tomog- 
raphy (Fig. 1E), done to confirm the MR findings, revealed a calcific 
density surrounded by an area of radiolucency abutting the growth 
plate. Osteoid osteoma was diagnosed. 


Received June 7, 1991; accepted after revision September 17, 1991. 


The opinions and assertions contained herein are the private views of the aut 


Department of the Navy or the Department of Defense. 


CT-guided wire localization of the nidus [2, 4] was done preoper- 
atively so that the growth plate could be protected from inadvertent 
surgical damage (Fig. 1F). At surgery, with fluoroscopy and the 
localizing wire as guides, a core of bone was removed. Histopatho- 
logic examination confirmed the presence of a nidus and sclerotic 
bone diagnostic of an osteoid osteoma. Postoperatively, the pain 
was relieved immediately, and at follow-up 6 months later no arrest 
in development at the growth plate was evident. 


Discussion 


Thirteen cases of epiphyseal osteoid osteoma have been 
reported [1-3]. None of the cases were evaluated with MR 
imaging. In six of the 13 reported cases, the lesions appeared 
purely sclerotic on radiographs; in six others, radiography 
demonstrated a lucent nidus surrounded by varying degrees 
of reparative bone. The remaining case [2] was similar to ours 
in that the nidus abutted the open growth plate. Plain films 
were normal, and conventional tomography revealed the ni- 
dus against the growth plate surrounded by a small area of 
sclerosis that was confined to the epiphysis. 

In our case, conventional radiographs were not diagnostic. 
The diffuse osteoporosis and soft-tissue atrophy were con- 
sistent with a long-standing inflammatory process. Although 
a small area of increased bone density was visible adjacent 
to the growth plate, other classical findings of an osteoid 
osteoma were not present. In other reported cases of epiphy- 
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Fig. 1.—A, Anteroposterior radiograph of right knee shows poorly defined area of slightly increased bone density (arrow). Bone was diffusely 


osteoporotic compared with opposite side. 


B, **"Tc-methylene diphosphonate bone scan. Vascular phase (not shown) showed decreased flow, but increased activity, at lateral epicondyle growth 
plate compared with medial side in right knee. On this delayed image, activity in right knee is globally decreased, whereas lateral portion of growth plate 


has slightly increased activity (arrow). 


C, Coronal T1-weighted spin-echo MR image, 506/16 (TR/TE), shows low-signal focus adjacent to growth plate (arrow) with surrounding large area of 
diffuse medium signal (large arrowheads) replacing normally high-signal epiphyseal marrow. Medium-signal focus in metaphysis represents volume 


averaging with anterior cortical bone (small arrowheads). 


D, Coronal GRE image (550/18,25°) shows unossified nidus as an area of bright signal (arrow). Marrow change is not well shown with this sequence. 
Effects of field inhomogeneity account for larger area of low signal (arrowhead) compared with spin-echo image. 

E, Anteroposterior linear tomogram shows nidus with eccentric ossification (arrow). 

F, Direct coronal 5-mm CT scan shows position of wire (black arrow) used as intraoperative guide. Wire tip is adjacent to ossified portion of nidus 


(white arrow). 


seal osteoid osteoma, the lesion was visible on plain films 
when the nidus was separated from the physis by at least 2 
cm. 

The puzzling aspect of the bone scan (Fig. 1B) was the 
decreased uptake on the blood flow, blood pool, and static 
images on the affected side. Usually, the inflammatory aspect 
of an osteoid osteoma causes increased uptake in all three 
phases of the scan. The decreased activity may have been 
due to long-standing disuse of the limb, as evidenced by the 
soft-tissue atrophy and osteoporosis. The actual nidus of the 


osteoid osteoma did have slightly increased uptake, as shown 
by increased activity in the lateral growth plate compared with 
the medial growth plate. 

On MR images, the vascular, soft-tissue portion of the 
nidus showed high signal on T2*-weighted gradient-recalled- 
echo (GRE) images, whereas the ossific portion had low signal 
on all pulse sequences. Focal high signal from the nidus has 
been shown in a diaphyseal osteoid osteoma on a proton- 
density weighted sequence [5]. A high-signal nidus on GRE 
images has not been reported before. If thin slices (3 mm or 
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less) are used, proton—density weighted or GRE sequences 
may be a way of localizing a subtle nidus. MR clearly showed 
the intimate contact between the growth plate and the lesion. 
The T1-weighted images also revealed surrounding low-signal 
epiphyseal marrow, which was limited by the physeal line. 
Previous reports of osteoid osteoma in other locations also 
describe low signal in the adjacent bone marrow [6, 7]. 
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Book Review 





Measurements in Pediatric Radiology. By Holger Pettersson and Hans Ringertz. New York: Springer-Verlag, 


185 pp., 1991. $79 


This book is intended for use under practical working conditions 
in an active pediatric radiology clinical setting. It contains measure- 
ments that are applicable to normal anatomic proportions during the 
growth variations of infancy and childhood. The book is divided into 
nine sections: the skull, the spine, pelvis and hips, the extremities, 
bone mineral contents, the respiratory tract, the cardiovascular sys- 
tem, the abdomen, and the urinary tract. It has 35 figures, line 
drawings of mostly good quality, and 89 tables, which are, for the 
most part, easy to read. The distribution of these figures and tables 
is adequately balanced. In comparison with other compiled major 
sources of radiologic measurements, this collection is representative. 

About 180 references are included, of which 72 are primary. The 
measurements chosen are the most practical for routine use. How- 
ever, measurements are excluded that might also meet that criterion. 
For example, the following useful measurements—most of which can 
be found in Keats’s atlas (Keats TE, Atlas of Roentgenographic 
Measurement, 6th ed. St. Louis: Mosby-Year Book, 1990)—are not 
included: (1) measurement, on CT scans, of the aorta in infants and 
children (Fitzgerald SW, et al., Radiology 1987;165:667); (2) meas- 
urement of retropharyngeal and retrotracheal soft tissues in infants 
and children (Rivera H, et al., AJR 1986;147:872); (3) measurement 
of the heart in children (Bakwin H, Bakwin RM, Am J Dis Child 1935; 
49:861); (4) measurement of normal pulmonary arteries in children 
(Leinbach LB, AJR 1963;89:995); (5) measurement of the size of the 
arch of the azygos vein in children (Wishart DL, Radiology 1972; 
104:115); (6) the rectosigmoid index for early diagnosis of Hirsch- 
sprung disease (Pochaczevsky R, Leonidas JC, AJR 1975;123:770); 
(7) fat thickness in the neonatal small left colon syndrome (Kuhns LR, 
et al., AJR 1976;126:538); (8) detection of nonfunctional upper seg- 
ment of duplicated kidney in infants and children (Lundin E, Riggs W, 
Acta Radiol 1968;7:13); (9) measurement, on sonograms, of the 
normal bladder wall in children (Jequier S, Rousseau O, AJR 1987; 
149:563); and (10) measurement, on sonograms, of pelvic organs in 
premenarcheal girls (Orsini LF, et al., Radiology, 1984;153:113). 


The authors explain in the preface that they have revised and 
recalculated data derived from more or less complex equations from 
many sources. The results are given in normal ranges of standard 
deviations (—2 SD to +2 SD), simplified mainly to 96% probability 
from the mean. This means that 2% of the normal population will be 
assessed as abnormally large and 2% as abnormally small. The 
authors acknowledge that the unorthodoxy of some of the statistical 
methods they have used may introduce errors, but they rationalize 
that any errors present are acceptable. To the authors’ credit is a 
detailed description in appendix Il of statistical and mathematical 
approaches for all the tables. Appendix | is a useful nomogram for 
calculation of body surface area. 

Whenever so many numbers and statistics are compiled, inadvert- 
ent errors are also likely. One example of a probable inadvertent error 
is the incorrect numbers of patients (the correct numbers are 812 
boys, not 872, and 586 girls, not 596) for the adenoid size reference 
by Fujioka et al. (AJR 1979;133:401) on page 100. Another minor 
criticism is the imprecise use of “interpeduncular” when “interpe- 
dicular” is preferred in the measurements by Hinck on page 28. As a 
rule, the authors have selected one method of measurement for a 
given technique or parameter, but in some special instances, addi- 
tional methods are referenced. These are under the headings Back- 
ground and References. 

Overall, this is a useful compilation of measurements to be used 
in pediatric radiology. The atlas is recommended for purchase and 
reference for every department of radiology that substantially serves 
the imaging needs of infants and children. 


Lionel W. Young 
University Medical Center 
Loma Linda, CA 92354 
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The Normal and Abnormal 
Scrotum in Children: Evaluation with 
Color Doppler Sonography 





The use of color Doppler sonography to evaluate the symptomatic testes in children 
with scrotal pain or swelling was prospectively studied with a fourth-generation color 
sonographic unit with a 7-MHz linear transducer. The 32 patients were 1 day to 18 years 
old (mean age, 8.6 years). Results were correlated with scintigraphic findings in 23 
patients, with the final diagnosis established by surgery in 12 patients, and with clinical 
follow-up in all patients. Eight cases of testicular torsion, including two of acute torsion 
and six of late torsion, were correctly detected by color Doppler sonography and 
confirmed surgically. In the remaining patients, perfusion of the testis was correctly 
detected by color Doppler examination. The final diagnoses in these patients included 
torsion of the appendix testis (15 patients), epididymitis (five patients), epididymoorchitis 
(one patient), yolk sac tumor of the testis (one patient), hydrocele (one patient), and 
local reaction to an insect bite (one patient). The ability to detect blood flow in the 
normal contralateral testis was also evaluated in 28 patients. Blood flow was demon- 
strated in normal testes larger than 1 cm°. Detection of flow in the very small normal 
prepubertal testis was often difficult, and no flow was identified in one testis. Flow was 
identified in central arteries in only six of 13 testes smaller than 1 cm*. 

We conclude that color Doppler sonography is helpful in the initial evaluation of 
pediatric testes, providing accurate evaluation of the involved hemiscrotum in our 
patients and also providing the benefit of both structural and flow information. Until our 
sensitivity to low-velocity flow improves, we would not suggest the exclusive use of 
color Doppler sonography in the evaluation of testicular perfusion in the prepubertal 
patient. We advocate the addition of testicular scintigraphy to corroborate the presence 
of testicular perfusion when flow in intratesticular arteries cannot be established with 
certainty by color Doppler sonography. 
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Causes of acute scrotal pain and swelling in children include torsion of the testis, 
torsion of the appendix testis, epididymitis, orchitis, epididymoorchitis, tumor, and 
trauma. It is not always possible clinically to distinguish testicular torsion from the 
nonsurgical causes of scrotal pain, and testicular perfusion must be assessed. In 
adults with acute scrotal pain and equivocal clinical findings, recent studies have 
suggested that color Doppler sonography can serve as the initial imaging technique 
for evaluating testicular perfusion [1, 2]. In children, however, smaller arteries and 
slow blood flow in the testes could make color Doppler sonography unreliable in 
detecting testicular blood flow and in diagnosing testicular torsion [1, 2]. At present, 
scintigraphy is usually the procedure of choice in the evaluation of testicular 
perfusion, with the diagnostic sensitivity reported at 94% [3]. We report the results 
of a prospective study in which we used color Doppler sonography to examine the 
normal and abnormal scrotum in children. 


Subjects and Methods 


The study included 32 patients with scrotal pain or swelling who were seen between May 
1990 and August 1991. The patients were 1 day to 18 years old (mean age, 8.6 years). 
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TABLE 1: Comparison of Testicular Perfusion as Demonstrated 
by Color Doppler Sonography and Scintigraphy 





Perfusion Present/Total 


Diagnosis Color Doppler Scintigraphy 
(n = 32) (n = 23) 
Torsion of appendix testis 15/15 11/11 
(n = 15) 
Torsion of testis (acute 0/8 0/6 
[n = 2]; late [n = 6]) 
Epididymitis (n = 5) 5/5 3/3 
Epididymoorchitis (n = 1) 1/1 1/1 
Yolk sac tumor (n = 1) 1/1 0 
Hydrocele (n = 1) 1/1 1/1 
Insect bite (n = 1) 1/1 1/1 





A combination of gray-scale and color Doppler sonography was 
used in all 32 patients. Studies were performed with a 7-MHz linear 
phased-array transducer on a sonographic machine equipped with 
the manufacturer's fourth-generation color system (Model 128, Acu- 
son, Mountain View, CA), allowing a low-velocity scale range of —3 
to +3 cm/sec. Color gain control was adjusted so that background 
color noise was minimal or absent. The power setting was at the 
lowest level so that the power output would be less than the Food 
and Drug Administration's acoustic output guideline for testes. Color 
images were recorded on a Sony camera. 

Scanning was performed in multiple planes. Intratesticular flow 
was determined to be present or absent; if present, it was subjectively 
noted to be normal, increased, or decreased as compared with the 
opposite asymptomatic testis. In addition, the blood flow in the 
epididymes and peritesticular tissues was evaluated. Testicular vol- 
umes were obtained in 28 normal contralateral testes by using the 
formula for a prolate ellipsoid (volume = z/6 x D1 x D2 x D3), where 
D1, D2, and D3 were the maximally measured longitudinal, antero- 
posterior, and transverse diameters. 

Scintigraphy was performed in 23 patients by using a gamma 
camera (Starcam 400, General Electric Medical Systems, Milwaukee, 
WI). After bolus IV injection of °°"Tc-pertechnetate at a dose calcu- 
lated by the formula ([patient’s weight (kg)/70 (kg)] x 10 mCi), 
radionuclide angiograms were obtained at 1 frame/2 sec for 1 min. 
Static images were obtained, collecting 500,000 counts. A high- 
resolution collimator was used routinely, with a pinhole collimator 
also used for the smaller patients. 
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When both studies were performed, color Doppler sonography 
was the initial study, except in one case in which scintigraphy was 
done first. The pediatric radiologist performing the color Doppler 
examination was usually also involved with the interpretation of the 
radionuclide study and was aware of both the clinical history and the 
results of the prior color Doppler examination. The interpretation of 
the sonograms was completed prior to performing scintigraphy, so 
the results of the scintigraphic examination did not alter the sono- 
graphic interpretation. Both color Doppler sonography and testicular 
scintigraphy were requested in the initial 22 patients; however, be- 
cause of the accuracy experienced in the series with the color Doppler 
examination, the additional structural information, and the ready 
availability of the sonographic examination, testicular scintigraphy 
was not routinely requested in subsequent patients. 

Surgical correlation was obtained in 12 cases. In the patients who 
did not have surgery, the final diagnoses were based on a combina- 
tion of clinical findings, laboratory data, and clinical follow-up. Clinical 
follow-up was continued for at least 1 month in all the nonsurgical 
patients. There was no report of testicular atrophy to suggest a 
missed torsion. Clinical criteria for epididymitis included (1) erythema, 
fever, scrotal swelling; (2) pyuria on urinalysis; (3) colony count of 
10°/ml or greater on urine culture; and (4) resolution when treated 
with antibiotics. Clinical criteria for torsion of the appendix testis 
included (1) swelling, pain, and induration of the scrotum; (2) sterile 
urine culture; and (3) resolution with or without antibiotic treatment. 


Results 


The final diagnoses and results of testicular perfusion as 
demonstrated by color Doppler sonography and testicular 
scintigraphy are outlined in Table 1. 

Eight of 32 patients had surgically confirmed testicular 
torsion. Of these, acute torsion in two patients was diagnosed 
by color Doppler sonography, which showed absent intrates- 
ticular blood flow (Fig. 1A). In one of these patients, whose 
symptoms had been present only 3 hr, a single pulsating 
vessel was identified in an enlarged epididymis while the 
opposite testis and epididymis had normal flow. Scintigraphy 
showed decreased activity in the involved hemiscrotum (Fig. 
1B). In another patient, a repeat color Doppler examination 1 
day after surgical detorsion revealed increased flow in the 
involved testis. 


Fig. 1.—Acute torsion of testis. 

A, Transverse color Doppler sonogram shows 
flow within right testis and absent flow in left testis. 

B, Testicular scintigraphy shows focal photo- 
penia in left hemiscrotum (arrow). 
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Six patients had late torsion, with symptoms present for 
24 hr or longer. This group includes two neonates with torsion 
of the spermatic cord and infarcted testes. Color Doppler 
examination revealed absent flow within central arteries in 
each of these patients, while increased peritesticular flow was 
apparent in five patients (Fig. 2A). In one patient, however, 
marginal collateral vessels were present at the surface of the 
enlarged, echogenic testis; these could not be distinguished 
from capsular arteries (Fig. 2B). Testicular scintigraphy was 
done in four of these patients and showed a focal area of 
photopenia surrounded by a rim of increased activity consist- 
ent with late torsion (Fig. 2C). Scintigraphy was not done in 
the two neonates. 

In the remaining 24 cases, a diagnosis other than testicular 
torsion was made. Epididymitis was diagnosed in five pa- 
tients, with color Doppler sonography showing increased flow 
in an enlarged epididymis. In one patient with epididymoor- 
chitis, there was markedly increased flow in the enlarged, 
inhomogeneous testis as well as increased flow in the epidid- 
ymis. Scintigraphy revealed increased flow on radionuclide 
angiograms and increased blood pool activity on static images 
in the three patients in whom scintigraphy was performed. 

In 15 cases, scrotal pain and swelling were attributed to 
torsion of the appendix testis. Three cases were confirmed 
by surgical exploration and 12 cases were diagnosed on the 
basis of criteria listed above. Torsion of the appendix testis 
was diagnosed preoperatively in one case by color Doppler 
examination (Fig. 3). A 9- by 8-mm complex mass was present 
at the upper anterior aspect of the testis. No flow was 
identified in the mass, whereas flow was readily apparent in 
the adjacent testis and epididymis. Findings were confirmed 
at surgery. Additional findings in patients with torsion of the 
appendix testis included mild enlargement of the epididymis 
or head of the epididymis in 11 patients, increased blood flow 
in the epididymis in nine, increased flow in the peritesticular 
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tissue in eight, and increased flow in the testis in two. Scintig- 
raphy was done in 11 patients and revealed increased activity 
in the involved hemiscrotum in eight and normal activity in 
three patients. 

A 1-day-old neonate had a surgically confirmed yolk sac 
tumor. Color Doppler sonography revealed the presence of 
blood flow in a complex testicular mass. Color Doppler ex- 
amination was normal in one patient with a large hydrocele 
and in a child with an erythematous swollen scrotum resulting 
from an insect bite. 

Flow in the normal contralateral testis was evaluated in 28 
patients. Flow was assessed in the peripheral capsular artery 
and the central centripetal and recurrent rami arteries. In the 
15 testes with a volume greater than 1 cm’, flow was dem- 
onstrated in capsular and centripetal arteries in all cases (Fig. 
4A). Recurrent rami arteries and intratesticular veins were 
identified in only two patients. Thirteen patients with testicles 
smaller than 1 cm? were examined; flow in these smaller 
testes was more difficult to identify. Flow was frequently 
demonstrated as short dashes or dots. Extra scanning time 
was required to confirm that these signals represented per- 
sistent pulsating vessels rather than signal noise. No flow 
was seen in one testis. The capsular arteries were identified 
more readily than the central vessels. Capsular arteries were 
identified in nine of 13 testes, and the capsular artery was the 
only vessel identified in six testes (Fig. 4B). Centripetal arteries 
were seen in six of 13 testes and were the only vessels seen 
in three testes. In only three of the smaller testes were both 
capsular and centripetal arteries identified. 


Discussion 


Color Doppler sonography has been successful in assess- 
ing the presence or absence of testicular perfusion in the 





Fig. 2.—Late torsion of testis in two patients. 
A, Longitudinal color Doppler sonogram shows absent flow within testis with presence of peritesticular flow (arrows). Pattern of testis is inhomogeneous, 
with increased echoes inferiorly in area of hemorrhagic infarction. 
B, Longitudinal color Doppler sonogram in another patient shows enlarged echogenic testis with no central arteries. Marginal peritesticular artery 
(arrow) simulates capsular artery. 
C, Scintigram shows rim of increased activity in peritesticular tissue surrounding photopenic left testis. 
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Fig. 3.—Torsion of appendix testis. Transverse 
color Doppler sonogram of right testis shows avas- 
cular mass (straight arrow) anterior to testis (T) 
with flow in testis. Flow is also present in epidid- 
ymis (curved arrow). 


adult patient [1, 2]. In a review of the literature, we identified 
32 patients 18 years or younger who were successfully 
examined by color Doppler sonography [1, 2, 4]. The ability 
to detect testicular blood flow varies with the color sono- 
graphic unit as well as the transducer frequency used [1, 2]. 
We report our experience in a study of the symptomatic 
hemiscrotum in 32 patients and the normal contralateral hemi- 
scrotum in 28 patients. 

To assess the sensitivity of our system in the detection of 
blood flow in the normal pediatric testis, we studied the normal 
contralateral testis of our patients. Attempts were made to 
identify the vascular anatomy as described by Middleton et 
al. [5] in the adult testis. Included were the capsular branches 
of the testicular artery located in the tunica vasculosa of the 
testis and its intratesticular branches, the centripetal and 
recurrent rami arteries. As defined by Middleton et al. [5], the 
capsular arteries give rise to the centripetal arteries, which 
then enter the testicular parenchyma and extend to the me- 
diastinum of the testis. Here the centripetal arteries branch 
into recurrent rami arteries that course in the opposite direc- 
tion away from the mediastinum. 

Because testes in prepubertal boys vary in size, and testes 
in an older boy are not necessarily larger than those in a 
younger boy, a calculated testicular volume was used in the 
study rather than the age of the patient. As would be ex- 
pected, flow was demonstrated more readily in the larger 
testes and in the larger capsular arteries (Fig. 4A). In the small 
prepubertal testes, we were able to identify central arteries in 
only six of 13 testes, including one testis in which flow was 
not identified in either capsular or centripetal vessels (Fig. 
4B). Unlike the color Doppler images of Middleton et al. [5], 
where centripetal arteries were seen as long curving arcs to 
the mediastinum, intratesticular arteries were more frequently 
seen as pulsating dots or dashes. Extra care and time were 
required to ensure that the dots visualized were persistent 
pulsating vessels rather than noise. On the basis of illustra- 
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Fig. 4.—Flow in normal testis. 

A, Longitudinal sonogram of pubertal testis shows capsular artery at inferior margin of testis and 
centripetal artery extending to mediastinum. 

B, Small prepubertal testis with no flow detected in central arteries. Persistent signal represents 
capsular artery (arrow) at margin of testis with surrounding hydrocele. 


tions of color Doppler examinations of the pediatric testis in 
an article by Lerner et al. [4] and of those of older patients 
provided by Middleton et al. [1, 5], we believe the equipment 
used in those studies was more sensitive to low-velocity 
blood flow. The apparent greater sensitivity in those studies 
likely is due to the higher transmitted frequency (7.5 MHz) 
available with their unit as compared with the Doppler trans- 
mitted frequency of 5 MHz with our transducer. 

Despite the greater difficulty in detecting flow in the very 
small testis, we accurately assessed the presence or absence 
of perfusion in 32 testes in the symptomatic hemiscrotum. In 
our series, the involved testis was frequently easier to ex- 
amine than the normal testis, probably because the abnor- 
mality in most patients in our population resulted in hyperemia 
with increased vascularity and flow. 

The most common cause of acute scrotal pain and swelling 
in Our group of patients was torsion of the appendix testis. 
Color Doppler sonography demonstrated the inflammatory 
reaction of the torsed appendix with varying degrees of 
epididymal enlargement and increased vascularity in the ad- 
jacent structures. In most instances, distinction between tor- 
sion of the appendix testis and epididymitis could not be 
made. 

The ability to demonstrate structure as well as flow infor- 
mation allowed a specific diagnosis in several instances. A 
torsed appendix testis was identified as an avascular mass 
separate from the testis and epididymis (Fig. 3). The preop- 
erative diagnosis of a testicular tumor was made in a neonate 
who clinically was thought to have testicular torsion occurring 
in utero. Color Doppler sonography demonstrated a complex 
mass with blood flow within the mass. The histologic diag- 
nosis in this case was yolk sac tumor. Color Doppler sonog- 
raphy also allowed separation of increased flow in the epidid- 
ymis and the testis in a patient with inflammatory disease. 
Increased flow identified in both epididymis and testis made 
the diagnosis of epididymoorchitis in this patient. 
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Of the eight patients with torsion of the testis, only two had 
acute torsion. In both patients, flow was readily demonstrated 
in the normal testes, while absence of flaw was recognized 
in the involved testes (Fig. 1A). Both patients were pubertal, 
with a testicular size approximating that of an adult. Testicular 
torsion occurs most commonly in the pubertal patient and in 
the neonate, occurring infrequently between these two pe- 
riods [6, 7]. As yet, we have had no experience in the color 
Doppler sonographic diagnosis of acute torsion in the prepu- 
bertal patient. 

Another use of color Doppler sonography in the patient 
with testicular torsion was realized in the second patient with 
acute torsion. Although only a 180° twist was present at 
surgery, there was concern about the slow return of normal 
color to the testis following detorsion Doppler reexamination 
1 day after surgery confirmed not only the presence of testic- 
ular perfusion, but also increased flow apparently related to 
vasodilatation after the ischemic episode 

We had difficulty in distinguishing vessels in the parietal 
tunica vaginalis or dartos from a capsular artery in one patient 
with late torsion (Fig. 2B). Arteries were noted at the surface 
of the testis that had the appearance of capsular vessels. 
However, because of the enlarged and echogenic structure 
of the testis and the absent visualization of central arteries, 
late torsion was suspected Testicular scintigraphy was sub- 
sequently requested and also suggested late torsion. At 
surgery, torsion of the testis was confirmed, and histologic 
examination revealed an infarcted testis. In our previous 
patients, there had been no difficulty in separating peritesti- 
cular flow from flow within capsular arteries Burks et al. [2] 
also reported on the ability to distinguish the testicular artery 
in its course through the tunica vasculosa from flow within 
the adjacent parietal tunica vaginalis or dartos However. they 
suggested caution about interpreting flow seen only at the 
surface of the testis and not within the testis as indicative of 
testicular perfusion, particularly in chronic torsion 

Because ours was not a blinded study and in most in- 
stances scintigraphy and sonography were interpreted by the 
same radiologist, a true comparison of the accuracy of su- 
periority of testicular scintigraphy vs color Doppler sonogra- 
phy was not achieved. Fxcept in one instance, the sono- 
graphic examination was performed and interpreted while 
awaiting the radionuclide examination. The sonographic inter- 
pretation, therefore, was not influenced by the subsequent 
examination. 

In the 23 patients in whom both color Doppler and scinti- 
graphic studies were done, the assessment of testicular 
perfusion correlated. A radionuclide examination was can- 
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celed or not requested by the urologist in nine patients once 
the results of the color Doppler examination were obtained 
Included were four patients with torsion of the appendix testis 
and two patients with epididymitis. Scintigraphy also was not 
performed in the patient with a testicular tumor and in two 
infants with testicular torsion in utero, where the results of 
the study would not change the surgical management. In two 
instances in this group, scintigraphy was refused by parents 
who were concerned about the effects of ionizing radiation 

Color Doppler sonography was effective in the initial eval- 
uation of our patients with scrotal symptoms. The presence 
or absence of perfusion was accurately assessed in the 
symptomatic hemiscrotum. The combination of structural and 
flow information provided by color Doppler sonography al- 
lowed a specific diagnosis of testicular tumor and epididy- 
moorchitis, and identification of a torsed appendix testis. 
However, with the present sensitivity of our equipment. de- 
tection of flow in the prepubertal testis can be difficult. Until 
our sensitivity to low-velocity flow improves, we would not 
suggest the exclusive use of color Doppler sonography in the 
evaluation of testicular perfusion in the prepubertal patient 
When the presence of flow in intratesticular arteries cannot 
be established with certainty, we advocate the addition of 
testicular scintigraphy to corroborate the presence of testic- 
ular perfusion. 
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Book Review 





The Year Book of Diagnostic Radiology 1991. Edited by William R. Hendee, Theodore E. Keats, John A. 
Kirkpatrick, Jr., Franklin J. Miller, Jr., Anne G. Osborn, James C. Reed, and William M. Thompson. St. Louis: 


Mosby-Year Book, 570 pp., 1991. $57.95 


Review a review, summarize a summary, and comment on a 
commentary—that is the job at hand in reviewing The Year Book of 
Radiology 1991. This book is not a who's who; rather, it is a summary 
of what's what in radiology. This is a review of what we, as imagers, 
did in 1990. From thousands of articles published in more than 100 
journals, the editors distilled the important articles that defined ra- 
diology in 1990. These articles describe where our field is today and 
where it may be heading. 

The book is divided into seven sections: neuroradiology, cardio- 
vascular and interventional radiology, thorax, abdomen, musculo- 
skeletal, pediatric, and technical developments and quality assurance. 
Each section contains abstracts on 40-60 articles. Charts, graphs, 
and figures from the original articles are included in at least half the 
abstracts. The quality of the figures is excellent. Following each 
abstract are comments by the section editors that vary in length from 
a few lines to a few paragraphs. 

Each section editor picked a gamut of articles that includes reviews 
of old subjects studied with new imaging techniques, new technology, 
new diseases, and articles that hint at the future of imaging. The 
comments of the editors after each abstract are excellent. Often the 
comments include suggestions for further readings on the particular 
subject. The format of review and then comment is helpful. The 
reader has a chance to read the review and then have an expert in 
the field comment on the pros and cons of the article and discuss its 
overall relevance. 

The neuroradiology section consists mostly of articles about the 
impact of MR imaging on various diseases. The cardiovascular sec- 


tion deals with new transcatheter techniques for doing just about 
everything. The chest section discusses current topics such as high- 
resolution CT, AIDS, breast cancer, and efficacy studies. The section 
on the abdomen discusses new and old methods of studying the 
gastrointestinal and genitourinary systems and the female reproduc- 
tive organs. The musculoskeletal section includes articles on MR 
imaging, CT, and plain film analysis, with MR taking center stage as 
the new imaging technique. The pediatric section covers all aspects 
of imaging children, including interventional radiology; neuroradiology; 
and imaging of abdomen, bone, and chest. The last section of the 
book, edited by Dr. Hendee, includes articles on new technical 
developments and the issue of quality assurance. 

This book provides an up-to-date review of radiology in 1990 and 
provides a clear picture of the major areas of research, clinical 
concerns, and controversy. General radiologists and radiology resi- 
dents should find this book helpful, as it provides a succinct summary 
of current radiology. Subspecialists should also enjoy reading this 
book because it gives them a chance to catch up on what is occurring 
in other subspecialty areas. Nonradiologists may find sections of the 
book pertaining to their subspecialty useful. Overall, the book is 
informative, useful, and enjoyable to read. 
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Plain Film Diagnosis of 
Intussusception: Prevalence of the 
Target Sign 





We describe a feature of intussusception seen on plain abdominal films that to our 
knowledge has not been previously described. The abnormality, termed the “target 
sign,” consists of two concentric, circular, radiolucent lines to the right of the spine 
superimposed on the kidney. Four observers examined 280 plain abdominal films; 180 
were of 94 patients who had had 100 episodes of intussusception and 100 films were 
of 80 control subjects. The target sign was observed by three or four observers on plain 
films in 24 (26%) of 94 patients with intussusception and on 4% of radiographs of control 
subjects. There was no concordance between observers on false-positive findings seen 
in the control subjects. 

Our experience suggests that circular radiolucent lines superimposed on the right 
kidney on plain abdominal radiographs (target sign) constitute a useful diagnostic 
feature of intussusception. 
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Plain abdominal radiographs of a child in whom intussusception is clinically 
suspected are often diagnostic of the abnormality. We describe a previously 
unreported finding on plain abdominal radiographs of patients with intussusception 
that is sensitive and specific. The sign, which we have named the “target sign,” 
consists of two concentric radiolucent rings that outline an area of water density 
that represents the mass of the intussusception (Figs. 1-4). The rings may be 
incomplete, and the smaller of the two may have an irregular shape and be 
eccentric to the outer ring. The target sign is typically seen to the right of the spine. 


Materials and Methods 


The records of all patients with the diagnosis of intussusception at the Royal Children’s 
Hospital and at the Mater Children’s Hospital, Brisbane, from November 1985 through 
November 1988 were examined retrospectively. The diagnosis was proved by barium enema 
or by surgery in 110 children. A total of 180 plain abdominal films of 100 episodes of 
intussusception in 94 patients were available for review. The children were between 2 months 
and 7 years old (mean age, 12 months). 

One hundred plain abdominal films from 80 children with gastrointestinal symptoms without 
intussusception were used as controls. The patients and the control subjects had similar age 
distributions, and a confident diagnosis excluding intussusception was made in each control 
subject. Patients who had a diagnosis of undiagnosed abdominal pain or of gastroenteritis 
without documented diarrhea were excluded. 

The 280 films were then mixed and randomly numbered and reviewed by four radiologists 
without knowledge of the diagnosis. The reviewers included one experienced pediatric 
radiologist, a recently qualified radiologist, and two trainee radiologists. 

The four reviewers were asked to identify radiographs that showed the target sign. The 
results were then compared with the known diagnoses. 


620 RATCLIFFE ET AL. 


Results 


The total number of observations made by the four review- 
ers was 1120. Taken together, the four considered the target 
sign to be visible 243 times on 120 films of 88 patients with 
intussusception. The sign was seen by three or four observers 
on 35 films in 24 (26%) of the 94 patients who had intussus- 
ception. 

In control subjects, the target sign was identified by one of 
the four observers on 15 of the 100 films (4% of 400 obser- 
vations). There was no agreement between observers on the 
identification of the 15 false-positive target signs. 


Discussion 


Confirmation of the diagnosis of intussusception from plain 
abdominal radiographs is useful for two reasons: the diagno- 
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Fig. 1.—15-month-old infant with in- 
tussusception that was later confirmed 
by barium enema. Plain abdominal film 
shows target sign, an outer radiolucent 
line (black arrow) and concentric inner 
radiolucent line (white arrow), to right 
of spine. 


Fig. 2.—8-month-old infant with in- 
tussusception. Plain abdominal radio- 
graph shows target sign to right of 
spine. Black arrow indicates part of 
outer radiolucent ring and white arrow 
points to inner ring. 


Fig. 3.—3-year-old child with intus- 
susception. Plain abdominal radio- 
graph shows target sign to right of 
spine. Black arrow shows outer radio- 
lucent line and white arrow shows inner 
line, which is slightly irregular. 


Fig. 4.—8-month-old infant with in- 
tussusception. Plain abdominal radio- 
graph shows target sign to right of 
spine. Short arrow points to outer part 
of soft-tissue mass, which is continued 
superiorly and laterally into outer radio- 
lucent ring, and long arrow points to 
less well-defined inner ring. 


sis may not have been considered before its recognition on 
plain films and the diagnostic accuracy of air insufflation, 
which is now the frequently proposed method of reduction of 
intussusception, has yet to be established. 

The most reliable plain film sign is a crescent of gas that 
caps the intussusceptum and outlines its leading edge [1]. It 
is present in a minority of cases. In 50-60% of patients, a 
relatively gasless area is identified that, in light of the patient’ s 
Clinical findings, is often interpreted correctly as the soft- 
tissue mass of the intussusception [2, 3]. This finding is 
nonspecific. Our observation that concentric lines may be 
identified within this gasless area, the target sign, makes the 
plain film much more specific. The target sign has been visible 
on figures illustrating intussusception in other reports but has 
not been described [3, 4]. 
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The appearance of an abnormality with a target configura- 
tion has been described on sonography and CT in patients 
with intussusception [5-7]. It was shown when using CT in 
an experimental model that the fat-density ring and an eccen- 
tric central fat density are due to mesenteric fat and mesentery 
dragged into the intussusception [8]. However, none of these 
reports noted a comparable finding on plain abdominal radio- 
graphs. 

The target appearance is that of concentric rings because 
the intussusception is radiographed “end-on” as it passes 
anteriorly in the transverse colon from the right paraspinal 
gutter. In some patients, the concentric rings are seen also 
on the left side, as the intussusception passes posteriorly into 
the left paraspinal gutter. In the paraspinal location, the mass 
may be superimposed on the fat outlining the kidney; this 
must be distinguished from the radiolucent lines seen in the 
target sign. 
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Thoracic Outlet Syndrome: 
Evaluation of the Subclavian Vessels by 
Color Duplex Sonography 





Changes in flow in the subclavian artery and vein resulting from the use of a 
hyperabduction maneuver during Doppler sonography in 20 volunteers were compared 
with retrospective findings in 16 patients clinically suspected of having thoracic outlet 
syndrome. Significant compression of the subclavian artery showed in the Doppler 
waveform as at least a doubling of peak systolic velocity or complete cessation of flow 
with hyperabduction; significant compression of the subclavian vein was diagnosed by 
complete cessation of blood flow or loss of atrial and respiratory dynamics in the 
waveform of the subclavian vein with hyperabduction. In volunteers, asymptomatic 
compression of the subclavian vein with arm abduction was seen in two (10%) and 
asymptomatic compression of the subclavian artery was seen in four (20%). Of the 16 
patients, thrombosis of the subclavian vein was found in seven, compression of the 
subclavian vein with hyperabduction was found in six, and diagnoses other than thoracic 
outlet syndrome were established as the cause of pain in three. When duplex sonography 
was compared with venography, which was performed in 10 patients, one false-negative 
case was found because a subclavian vein thrombus had not been detected. The 
subclavian artery was examined in five of the six patients with positional compression 
of the subclavian vein; compression of the subclavian artery was found in three. 

The clinical significance of compression of the subclavian artery cannot be determined 
from our data because of the small number of patients involved. When the sonographic 
criteria of subclavian vein clot or compression resulting in a complete loss of normal 
venous phasicity with arm abduction and the clinical criterion of subsequent improve- 
ment in symptoms after curative surgery are used, color Doppler sonography is 92% 
sensitive and 95% specific for the diagnosis of thoracic outlet syndrome. This preliminary 
study shows that Doppler sonography has potential in the evaluation of thoracic outlet 
syndrome. 
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Thoracic outlet syndrome encompasses a spectrum of symptoms and signs 
caused by compression of the neurovascular bundle of the upper extremity at the 
thoracic inlet. Conditions associated with this syndrome include cervical ribs, 
anomalous first ribs, fibrous bands, tumor, trauma, and muscular hypertrophy [1, 
2]. In 95% of symptomatic patients, nerve compression is responsible for the signs 
and symptoms. In the remaining 5%, vascular compression is responsible for 
symptoms. 

Three narrow spaces are traversed by the upper extremity neurovascular bundle 
in the thoracic inlet: (1) the interscalene triangle, (2) the costoclavicular triangle, 
and (3) the subcoracoid space [3] (Fig. 1). A variety of physiologic factors and 
anatomic variations may exist in these regions of expected narrowing, causing 
symptomatic compression of the brachial plexus, subclavian vein, or subclavian 
artery. The subclavian vein is most commonly compressed at the costoclavicular 
triangle. Hyperabduction of the arm with the patient supine and the head turned 
away from the side being examined is thought to produce narrowing of the 
costoclavicular space. 
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Fig. 1.—Diagram shows three points of narrowing in thoracic inlet: 
anterior scalenus triangle (A), costoclavicular space (B), and subcoracoid 
space (C). Subclavian artery and subclavian vein are particularly suscep- 
tible to compression in costoclavicular space. 


Color Doppler sonography allows direct, noninvasive real- 
time visualization of the subclavian vessels in conjunction with 
Doppler waveform analysis. The examination is easily per- 
formed bilaterally. The vein and artery can be examined in 
one study, and the vessels can be observed during diagnostic 
maneuvers designed to cause vascular compression at the 
thoracic inlet. These features allow a physiologic assessment 
of arterial and venous compression, making it a promising 
technique for studying the thoracic outlet syndrome. 

Although the usefulness of duplex or color Doppler sonog- 
raphy in the detection of venous thrombosis in the upper 
extremities has been described [4-7], its use in the diagnosis 
of intermittent arterial and venous compression, perhaps a 
predisposing condition to thrombosis, has not. This study 
compares findings from color duplex sonography of the sub- 
clavian vessels before and after arm hyperabduction in 
asymptomatic volunteers with retrospective Doppler imaging 
findings in patients with the clinical signs of thoracic outlet 
syndrome. Our goal was to define the sonographic findings 
of normal physiologic vascular impingement from arm move- 
ment, and to compare these normal changes with findings in 
a group of patients with thoracic outlet syndrome. 


Materials, Subjects, and Methods 


From May 1989 through July 1990, 18 patients were referred for 
Doppler sonography of the subclavian vessels for evaluation of arm 
pain and suspected thoracic outlet syndrome. Sixteen of these pa- 
tients had sufficient clinical follow-up and surgical treatment to be 
included in this retrospective part of the study. Of the other two, one 
was lost to follow-up after surgery and the other was judged to have 
had inadequate surgical treatment (scalenotomy alone without first 
rib resection). The 16 patients included six men and 10 women 20- 
48 years old (average, 29 years). They were referred primarily be- 
cause of edema, discoloration, and pain in the upper extremity. Nine 
had involvement of one arm only; seven had bilateral involvement. 
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Six of the patients with bilateral signs and symptoms had sonography 
of both upper extremities; one, who had pain in the left arm that was 
treated years before our study, had sonography of the left upper 
extremity only. In addition, three patients with unilateral signs and 
symptoms had evaluation of both upper extremities. In total, nine 
patients had sonography of both upper extremities and seven had 
examinations of only one. The subclavian artery was also examined 
in six of seven of the patients thought to have compression of the 
subclavian vein on arm abduction. The subclavian artery was not 
examined in the patients in whom thrombosis of the subclavian vein 
was observed when the arm was in neutral position. 

The control group consisted of 13 men and seven women 26-44 
years old (average, 32 years). The volunteers were asymptomatic 
hospital personnel who had no history of upper-extremity trauma or 
invasive vascular procedures. Doppler sonography of subclavian 
arteries and veins was performed bilaterally. Venographic and arter- 
iographic correlation was not obtained in this population. 

All sonographic examinations were done with an ATL Ultramark 9 
unit (ATL, Bothell, WA) with a 5-MHz sector phased-array transducer; 
color Doppler sonography was used in all cases. In one instance, a 
5-MHz linear-array transducer and a 3.5-MHz sector mechanical- 
array transducer were used together as a substitute for the 5-MHz 
linear-array transducer, which was not available for use at the time. 
The results of gray-scale and Doppler sonography were recorded on 
black-and-white film during real-time color examination. In several 
patients, color paper hard copies were obtained to record significant 
color findings, although this was not routine. 

The technique used was a modification of that reported by Falk 
and Smith [4] for detection of thrombosis with conventional duplex 
sonography. During the examination, the patient was supine with the 
arm relaxed in a neutral position. The transducer was placed trans- 
versely on the neck without compression, and the internal jugular 
vein was identified and followed inferiorly to the junction with the 
subclavian vein. Color Doppler imaging was used to aid in real-time 
localization of the vessels, and a Doppler tracing of the medial 
subclavian vein was obtained from this coronal view after the inter- 
rogating angle of the Doppler probe was optimized. 

The transducer was then repositioned laterally beneath the clavicle 
and directed medially to identify the midportion of the subclavian vein 
as it travels beneath the clavicle in the costoclavicular space. From 
this longitudinal view of the vessel, a Doppler tracing was obtained, 
and real-time images and color flow images were inspected for 
evidence of stenosis or dilatation. The artery and vein were also 
examined for the presence of nonoccluding or occluding thrombus 
with development of collateral vessels. Figures 2 and 3 show the 





Fig. 2.—Doppler image shows waveform of normal subclavian vein, 
reflecting atrial pulsatility and respiratory phasicity. 
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Fig. 3.—Doppler image shows triphasic waveform of normal subclavian 
artery. 


typical waveforms of normal subclavian veins and arteries. If no 
evidence of venous thrombosis was seen, the arm was abducted to 
positions at 90°, 135°, and 180°, and Doppler waveforms were 
obtained for each level of abduction through a lateral infraclavicular 
window. Support was provided for the arm in order to allow complete 
relaxation of arm and shoulder muscles. Tension in the muscles will 
alter venous flow, even in persons who have no abnormalities in 
these vessels. The advantage of identifying the subclavian vein in 
different degrees of abduction is primarily to maintain a view of the 
subclavian vein; this is difficult if the arm is moved rapidly from a 
neutral to a hyperabducted position. 

The waveform of the medial subclavian artery was recorded with 
the arm in the neutral position and in full abduction. If occlusion of 
the subclavian artery was detected, the waveform of the axillary 
artery was examined also. Proximal occlusion was confirmed by 
finding a damped, monophasic or biphasic waveform distally. 


Diagnostic Criteria on Sonography 


A diagnosis of significant venous compression with arm hyperab- 
duction was made when the Doppler waveform of the subclavian 
vein showed complete loss of transmitted atrial and respiratory 
dynamics (waveform became a flat line) or complete loss of flow 
immediately lateral to a region of narrowing associated with hyper- 
abduction [8-11]. Real-time examination of the veins with this Dop- 
pler pattern generally showed narrowing, usually at the costoclavi- 
cular space, with dilatation of the vein lateral to this site. A venous 
waveform showing only increased velocity with spectral broadening 
at a site of compression was not considered sufficient evidence for 
significant narrowing because atrial and respiratory variability was 
still transmitted. This pattern indicates mild venous compression 
resulting in turbulent blood flow. 

Compression of the subclavian artery with hyperabduction was 
indicated by (1) a change in the arterial waveform that caused at least 
a doubling of peak systolic velocity compared with the waveform 
obtained with the arm in a neutral position or (2) a complete loss of 
the Doppler arterial waveform at the site of compression associated 
with a monophasic postocclusive waveform [11]. Mild stenosis was 
present when the increase in the peak systolic velocity with hyper- 
abduction was less than twofold. These parameters were determined 
by experience with arterial stenosis in lower-extremity duplex sono- 
graphic studies [12, 13]. 
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Angiographic Studies 


Venography was performed in 10 of the 16 symptomatic patients, 
including all seven patients in whom thrombosis was suspected. 
Venography was performed on the most symptomatic side in six of 
these seven and on both sides in the seventh. Standard techniques 
were used for upper-extremity venography: an antecubital approach, 
with contrast material injected first when the patient's arm was in a 
neutral position. If thrombus was not identified, the arm was hyper- 
abducted and venography repeated. The pressure gradient across 
an area of focal stenosis was measured in only two patients. A 
pressure gradient of 10 mm Hg was considered positive for thoracic 
outlet syndrome [14]. Results of the vascular studies were recorded 
on cut or 35-mm cine film. 

Arteriography was performed preoperatively in only four patients. 
A femoral approach for selective catheterization of the subclavian 
artery was used [15]. Each examination was unilateral. Contrast 
material was injected with the patient’s arm in neutral and abducted 
positions. Results were recorded on cut or 35-mm cine film. Arterio- 
graphic findings were considered positive for thoracic outlet syn- 
drome when the artery was occluded or had more than 50% stenosis. 
A search was made for the presence of arterial thrombosis when the 
patient’s arm was in the neutral position or for arterial dilatation when 
it was in hyperabduction. 


Treatment and Follow-up 


The clinical diagnosis of thoracic outlet syndrome in the seven 
patients without a history of upper-extremity catheterization or other 
iatrogenic trauma was confirmed when venous thrombosis was 
shown by venography and Doppler sonography. In the six patients in 
whom nonthrombotic positional venous compression was suggested 
by Doppler sonographic findings, clinical improvement after curative 
surgery confirmed the diagnosis. The surgical protocol at the time 
was for the patient initially to have surgical treatment (first rib resec- 
tion) on the most symptomatic side. Sometimes this was followed by 
surgical treatment of the other side at a later date. Only one patient 
with bilateral signs and symptoms had bilateral first rib resection. 
Follow-up clinical data were obtained at postoperative clinic visits or 
via telephone interviews for all patients. 

Clinical follow-up of the six patients with positional venous 
compression and first rib resection showed postoperative improve- 
ment of signs and symptoms as reduction or alleviation of pain, with 
loss of edema in all six. The results of Doppler sonography in the 
normal and the symptomatic groups were compared. The results of 
venography and arteriography were used as correlative data for the 
symptomatic group when available. Statistical determination of sen- 
sitivity and specificity were calculated by using the results of Doppler 
examinations of the right sides in volunteers and of the most symp- 
tomatic arm in each patient. 


Results 
Control Group 


Subclavian vein.—Doppler sonography of the subclavian 
vein before and after hyperabduction in 20 volunteers showed 
no change bilaterally in 10 subjects, minor change in eight, 
and significant compression in two. In one of the eight with 
minor aberrations in flow, the spectral broadening seen on 
Doppler imaging was bilateral; in the remaining seven, the 
changes in waveform were unilateral (Fig. 4). Significant wave- 
form abnormalities included unilateral complete cessation of 
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flow in one subject and loss of the normal dynamic waveform 
with high velocities on one side and complete cessation of 
flow on the opposite side in the other. Both of these volun- 
teers were men and both were asymptomatic during the 
examination. 

Subclavian artery.—Blood flow in the subclavian artery was 
completely interrupted by arm abduction bilaterally in one man 
(Fig. 5); he remained asymptomatic during the entire exami- 
nation. The axillary artery of this volunteer was also examined 
when the arm was in abduction and showed a biphasic 
waveform with reduced peak systolic velocities, indicating 
reconstitution of flow distal to an occluded subclavian artery. 
Two men and one woman had unilateral narrowing of the 
subclavian artery, as indicated by at least a doubling of the 
peak systolic velocity (Fig. 6). In these subjects, peak systolic 
velocity increased from 140 to 280 cm/sec, from 100 to 220 





Fig. 4.—Asymptomatic man with arm in 180° hyperabduction. Doppler 
waveform shows increased turbulence in subclavian vein. Atrial and res- 
piratory dynamics are maintained. 
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cm/sec, and from 90 to 220 cm/sec. In the other 16 volun- 
teers, no alteration of the arterial waveform with arm abduc- 
tion was seen. 


Symptomatic Group 


Subclavian vein.—Initial Doppler sonography in the symp- 
tomatic patients revealed thrombus of the subclavian vein in 
six, venous compression with arm abduction in six, and no 
evidence of vascular thrombosis or compression in four. 

Of the four patients in whom Doppler sonography showed 
no subclavian vein thrombus, the findings were false negative 
in one. Venography showed a short segment of thrombosed 
subclavian vein with a large collateral vein communicating 
between the lateral subclavian and internal jugular veins. In 
this instance, the initial color Doppler findings were interpreted 
incorrectly. Blood flow lateral to the short occlusion showed 
normal respiratory and atrial variation because of abundant 
collateral flow, and the large collateral vessel was mistaken 
for the subclavian vein medially (Fig. 7). The results of repeat 
Doppler sonography were interpreted correctly. 

The findings in the remaining three patients were consid- 
ered to be true negative for thoracic outlet syndrome as 
shown by clinical or angiographic follow-up. In one, a 38-year- 
old man, brachial and subclavian arteriography showed that 
blood flow in the anterior and posterior humeral circumflex 
arteries ceased with arm abduction. No surgery was per- 
formed, as the diagnosis of thoracic outlet syndrome could 
not be established. A 45-year-old woman also had arteriog- 
raphy, which showed occlusion of the brachial artery with arm 
abduction and a small ulnar artery. She had neurolysis of the 
right radial nerve for entrapment and resection of the lateral 
head of the triceps and lateral interosseus septum. The third 
patient was a 26-year-old woman with right-sided neck and 
shoulder pain after an automobile accident. Her pain resolved 
completely; the clinical diagnosis was C4—C5 radiculopathy. 





Fig. 5.—Asymptomatic man with arm in 180° hyperabduction. 
A and B, Doppler images show no flow in subclavian artery (A) and abnormal damped waveform in axillary artery (B). When arm was in neutral position, 
waveform of subclavian artery was normal. 
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In six patients, the initial color Doppler sonographic exam- 
inations indicated seven instances of venous thrombosis; in 
one patient, both subclavian veins were occluded. None of 
these patients had cervical ribs. All these patients also had 
venography preoperatively. The results of venography con- 
firmed the diagnosis of complete thrombosis in six of the 
seven cases. In one case of suspected complete thrombosis, 
venography showed an 80% narrowing of the subclavian vein 
and formation of collateral vessels. The subclavian artery was 
examined in one of these patients preoperatively and was 
normal. In the six patients with complete thrombosis of the 
subclavian vein, urokinase infusion and angioplasty were used 
before surgical resection of the first rib. 

In six patients, the results of color Doppler sonography 





Fig. 6.—Asymptomatic man with arm in 180° abduction. Doppler image 
shows doubling of peak systolic velocity in right subclavian artery. When 
arm was in neutral position, systolic peak velocity was 100 cm/sec. 
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suggested significant compression of the subclavian vein with 
arm abduction. All six had a normal venous waveform when 
their arms were in the neutral position and an abnormally 
uniform, low-velocity waveform with arm abduction (Fig. 8). 
Five of these six patients had bilateral Doppler examinations; 
one had a unilateral examination. All five of the patients who 
had bilateral examinations had evidence of significant venous 
compression bilaterally, and all five had bilateral signs and 
symptoms. Three of the six patients had cervical ribs. Three 
patients had venography in addition to Doppler sonography. 
Correlative venography in two showed only mild narrowing 
with hyperabduction of the arm; of these, one had a 4-mm 
pressure gradient across the area of narrowing, and no pres- 
sures were measured in the other. The third patient who had 
venography had a pronounced decrease in venous flow with 
hyperabduction of the most symptomatic arm, similar to the 
findings on color Doppler sonography. All six patients expe- 
rienced clinical improvement in arm pain and swelling after 
surgery on the most symptomatic arm. Postoperative Doppler 
sonography was performed in four of the six patients and 
showed return of atrial and respiratory phasicity to the venous 
waveform in all four. In addition, loss of arterial positional 
compression was seen in two patients. 

Subclavian artery.—The subclavian artery was examined 
in five of the six patients who had positional compression of 
the subclavian vein. Significant change in the arterial wave- 
form with arm abduction occurred in three patients; one of 
these patients showed alterations in the arterial waveform 
bilaterally. In one of the three, a patient with bilateral cervical 
ribs, cessation of arterial flow and venous flow was seen 
during hyperabduction of the more symptomatic arm in the 
opposite subclavian artery; the peak systolic velocity in- 
creased from 60 to 120 cm/sec, indicating a mild stenosis 
during arm abduction. Arteriography was not performed in 
this patient. In the other two patients with significant changes 
in the waveform of the subclavian artery, arterial velocity 
doubled with arm abduction unilaterally. Peak systolic velocity 





Fig. 7.—False-negative findings in a woman who had pain and swelling in the right upper extremity for 2 weeks. 
A, Initial color Doppler image (reproduced in black and white) shows pulsatile flow in a large vein, thought to be subclavian vein. 
B, Image obtained 1 week after A shows no flow and thrombus in subclavian vein. Venography confirmed these findings. 
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Fig. 8.—Womian with pain and numbness in right upper extremity and no history of trauma 
A, Doppler image obtained with patient’s arm in hyperabduction. Subclavian vein wavelorii is 4 flat line with low-velocity peak flow. Waveform was 


normal when arm was in neutral position. 


B, Doppier image obtained with patient’s arm in hyperabduction after resection of right fust rib. Subclavian vein waveform shows normal pulsatility. 


increased from 130 to 276 cm/sec in one and from 120 to 


200 cm/sec in the other. In the one patient who had arteri- 
ography 1 week before the Doppler examination, the arterio- 
giam also showed minimal narrowing with arm abduction 
The waveform or peak systolic velocities of the subclavian 
artery showed no change with abduction in two other pa- 
tients, one who had bilateral examinations and one who had 
a unilateral arterial examination. 


Comparison of Results in Normal and Symptomatic Cases 


Color Doppler sonography had a sensitivity of 92% for 
detection of thoracic outlet syndrome when only one subcla- 
vian vein was used for calculation and a positive result was 
considered thrombosis or compression of the subclavian vein 
with arm abduction; the specificity was 95%. An abnormal 
venogiam or improvement in symptoms after corrective sur- 
gery was used to confirm the accuracy of the diagnosis 


for Doppler sonography findings in the subclavian artery were 
not made because of the high rate of arterial compression in 
asymptomatic volunteers and the small number of sympto- 
matic patients studied. 


Discussion 


Traditionally, venography and arteriography have been 
used to diagnose vascular abnormalities related to thoracic 
outiet syndrome. These studies have not always been re- 
warding, partly because signs and symptoms may be caused 
by intermittent arterial or venous compression, which may be 
difficult to demonstrate with angiographic techniques |16- 
18]. In the past, three main maneuvers have been used to 
detect thoracic outlet syndrome. Initially, Adson’s maneuver 
(shoulders depressed downward with the head hyperex- 
tended), the military maneuver (shoulder moved backward), 
and arm hyperabduction were used with evaluation of the 


radial pulse to did in diagnosis of thoracic Outlet syndrome. 
Subsequeritly, these (iali€uveis were used in conjunction 
with Nvasive and NOnNNvāäsiv Vascular Studies to detect 
VasCulaf cCOMpression With the advent of the earlier nonin- 
VaSive Studiés. such as photuplethysmiography and continu- 
OUS-Wave Doppler examination Of subclavian artery compres- 
SION. results Were Mixed Sone authors [8, 9] reported high 
false-positive rates for compression of the subclavian artery 
during diagnostic Maneuvers [Nis is not surprising in light of 
the high rate of false-positive findings reported for detection 
of the radial pulse in Nnuimal volunteers during clinical diag- 
nostic Maneuvers |19] 

Using color Doppler sonography tor direct examination of 
the subclavian vessels, we found that 20% of asymptomatic 
volunteers Nad changes in arterial waveforms with supine arm 
abduction. We nave fut Studied enough symptomatic patients 
to Know what Changes in the waveform of the subclavian 
artery during arm abduction might constitute a clinically sig- 
nificant Compression with a high sensitivity and specificity. In 
addition, examination Of a larger group of volunteers is nec- 
essary for more accurate determination of the expected phys- 
iologic Changes in the waveform that occur with arm abduc- 
tion. However, we believe that at least a 50% narrowing of 
the subclavian artery with arm abduction is common in asymp- 
tomatic volunteers. 

Evaluation of the subclavian vein with early noninvasive 
techniques yielded somewhat better results. For detection of 
thronibosis, the accuracy of photoplethysmography com- 
bined with continuous-wave Doppler sonography was 91% 
when compared with venography [10]. Nonoccluding throm- 
bus is not detected when upper-extremity veins are examined 
with these indirect techniques, and false-negative findings can 
result when large collateral vessels are present. The position- 
ing of the limibs is critical, and the Cause of the obstruction 
(intrinsic VS Extrinsic Compression) is not identified. Addi- 
tionally, these techniques are not suitable for detecting posi- 
tional compression of the subclavian vein 
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More recently, duplex and color Doppler techniques have 
been used to examine the subclavian vein. Falk and Smith [4] 
have described normal Doppler flow patterns of the subcla- 
vian vein and normal changes with respiration, sniffing, and 
the Valsalva maneuver. They also reported the duplex sono- 
graphic findings in 22 patients suspected of having central 
venous thrombosis; 20 of the 22 had correlative venography 
or CT. Only one patient had false-positive sonographic find- 
ings and none had false-negative findings. 

Grassi and Polak [5] evaluated the usefulness of color 
Doppler sonography in the follow-up and diagnosis of venous 
thrombosis in 13 patients who were having thrombolytic 
treatment. None of the findings were false negative or false 
positive, although in one case, the extent of thrombus was 
underestimated on color Doppler imaging. The authors 
showed that color Doppler sonography is useful in the eval- 
uation of venous thrombosis and might be preferable to 
venography for follow-up of treatment [5]. 

We examined seven patients who had noniatrogenic throm- 
bosis of the subclavian vein. The findings on color Doppler 
sonography were falsely negative in one; a large collateral 
vein was mistaken for the subclavian vein. We think that 
sonography offers advantages over venography and arteri- 
ography in the examination of positional vascular compres- 
sion, in addition to its role in the diagnosis and follow-up of 
venous thrombosis. Intermittent compression of the subcla- 
vian vein is acommon cause of symptomatic vascular involve- 
ment and may predispose to thrombus formation [14]. It 
would be beneficial to detect and treat the condition early in 
order to prevent upper-extremity thrombosis. 

This preliminary study indicates that color Doppler sonog- 
raphy has a high specificity and sensitivity for detecting sub- 
clavian vein compromise in thoracic outlet syndrome if throm- 
bosis or significant compression of the subclavian vein with 
supine hyperabduction is considered positive. In addition to 
initial evidence of thrombosis of the subclavian vein, a group 
of six patients with suspected thoracic outlet syndrome who 
were thought to have significant venous obstruction with 
hyperabduction showed clinical improvement in symptoms 
after resection of the first rib. The improvement detected in 
the waveform of the subclavian vein in four patients evaluated 
after resection of the first rib is further evidence that color 
sonography is useful in evaluating vascular compression at 
the thoracic inlet. 

Significant positional compression of the subclavian vein 
was found in two volunteers (10%), indicating that a positive 
sonographic finding in an asymptomatic person is not diag- 
nostic of thoracic outlet syndrome. This is the first report of 
the results of color Doppler and duplex sonography of the 
subclavian vessels in volunteers in which a commonly used 
maneuver was used to elicit vascular compression. It provides 
preliminary baseline data for future studies of pathologic 
changes at the thoracic inlet. It is not clear if asymptomatic 
persons with compression of the subclavian vein are at risk 
for future thrombosis of the subclavian vein. Phlebographic 
studies [20] have shown that 50% of patients with thrombosis 
of the subclavian vein have evidence of contralateral positional 
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venous compression. In our study, five of the six patients had 
bilateral compression of the subclavian vein and bilateral signs 
and symptoms. It was not possible to determine the cause of 
symptomatology precisely in each of our patients with tho- 
racic outlet syndrome. When a patient has venous thrombo- 
sis, then signs and symptoms are obviously from venous 
obstruction. In patients with intermittent venous occlusion, 
perhaps the venous obstruction is causing symptoms or 
associated nerve compression is involved. It is significant that 
first-rib resection, which opens up all narrow passages of the 
thoracic inlet, relieves symptoms, and postoperative sonog- 
raphy shows improved venous flow. 

We do not have sufficient data to directly compare the 
results of venography with those of Doppler sonography in 
the seven patients with intermittent venous compression. 
Occlusion of the subclavian vein was shown by venography 
in one patient in whom color Doppler sonography showed 
intermittent compression of the subclavian vein. Possibly 
thrombosis occurred in the 12 days between color Doppler 
sonography and follow-up venography. The discordant results 
are more difficult to understand in two other patients in whom 
significant venous compression was not observed during 
venography; arm position may not have been identical to the 
180° hyperabduction attained during Doppler sonography. 

Venography or arteriography may be needed after color 
Doppler sonography in selected cases to determine the extent 
of venous thrombosis before urokinase treatment, or to ex- 
amine the more peripheral vasculature. We have had cases 
in which color Doppler studies and arteriography of the sub- 
clavian artery showed no abnormalities, but brachial arteri- 
ography showed compression of the brachial artery or a more 
distal branch vessel. 

Conventional duplex and color Doppler sonographic studies 
offer significant advantages over previous methods for ex- 
amination of the vessels of the thoracic inlet. These studies 
are noninvasive, the vessels are visualized directly, and flow 
waveforms are produced for analysis. Bilateral examinations 
are easily performed; the artery and vein can be examined in 
one study period, and these vessels can be examined during 
various diagnostic maneuvers. Color Doppler sonography in 
particular is useful for localizing arteries and veins rapidly and 
for visualizing flow dynamics within these vessels. Our prelim- 
inary data suggest that Doppler sonography shows promise 
in the diagnosis of thoracic outlet syndrome when it is caused 
by altered flow in the subclavian vein. Its usefulness in the 
diagnosis of thoracic outlet syndrome related to abnormal 
flow patterns within the subclavian artery cannot be deter- 
mined on the basis of the data in our series. These arterial 
and venous studies in volunteers will provide the basis for 
future prospective studies in patients. 
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Arterial Injury from Penetrating Trauma: Evaluation with 
Single-Acquisition Fat-Suppressed MR Imaging 


James J. Yaquinto,' Steven E. Harms,' Paul T. Siemers,’ Duane P. Flamig,' Richard H. Griffey,’ and 


Michael L. Foreman? 


MR angiography is emerging as a Clinical tool for the 
noninvasive diagnosis of intracranial, neck, and abdominal 
vascular abnormalities. The application of MR angiography 
for extremity vascular diagnosis, however, has been limited. 
Angiography is often required to evaluate arterial integrity 
after penetrating wounds to the extremities [1]. However, 
most studies performed because of the proximity of the 
trauma to major vessels in the absence of physical findings 
suggesting arterial injury have normal results [2]. The use of 
MR as a primary imaging method in cases of suspected injury 
close to major vessels in the extremities is explored with a 
new MR technique that allows noninvasive, high-resolution 
anatomic as well as vascular evaluation from a single three- 
dimensional (3-D) acquisition. 


Subjects and Methods 


Patients were selected prospectively without regard to whether 
the presence or absence of injury had been identified by conventional 
angiography. Patients with possible arterial injury from residual ferro- 
magnetic shotgun pellets were excluded. All patients were men and 
less than 41 years old. All patients had digital subtraction angiography 
(DSA) before MR imaging. The results of conventional angiography 
were available when the MR angiogram was interpreted but were not 
available at the time of scanning. 

Images were obtained on a Signa 1.5-T magnet (General Electric, 
Milwaukee, WI) 4.6-level software. A transmit-receive extremity coil 
(General Electric) was placed over the area of penetrating trauma. 
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We used a 3-D gradient-echo fast-scan sequence, fast adiabatic 
trajectory in the steady state (FATS), which produces fat-suppressed 
proton density—weighted images (Harms SE et al., presented at the 
Society of Magnetic Resonance in Medicine meeting, August 1990). 
FATS uses two sequentially applied (with opposing phase) adiabatic 
half-passage RF pulses placed on resonance for fat. The opposing 
positive and negative amplitudes of the adiabatic pulses produce no 
net magnetization from fat. Because the sequence is tuned for fat, 
water signal is detected off-resonance. A 20/2.8 (TR/TE) sequence 
is used with two excitations and an acquisition matrix of 1024 x 128 
x 128 to produce a scan time of approximately 10 min. 

The displayed image matrix is 128 x 256 x 256 for voxel dimen- 
sions of 1.4 x 0.7 x 0.7 mm. A General Electric independent console 
was used for near real time multiplanar reconstruction of anatomic 
images. Also, a Sun Microsystems 3/260 workstation with a TAAC 
accelerator was used for maximum-intensity-projection (MIP) ray 
tracing of vascular images. 


Results 


Twelve cases of penetrating trauma of the extremity in 11 
patients were studied for suspected vascular injury. The 
injuries included 11 gunshot wounds and one knife wound. 
Eight injuries were to lower extremities and four to upper 
extremities. 

All MR studies were technically satisfactory. FATS inte- 
grated anatomic and vascular images, and DSA was equally 
effective in depicting normal and abnormal vessels (Figs. 1 
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and 2). Three vascular injuries were identified by both DSA 
and MR in one patient each. These included occlusion of the 
ulnar artery, occlusion, of the anterior tibial artery, and a 
nonoccluding brachial artery pseudoaneurysm. 

Soft-tissue anatomy was well depicted with good fat 
suppression by the FATS technique. Small focal areas of low 
signal were identified in soft tissues. These low-signal areas 
corresponded to small metallic fragments and/or small collec- 
tions of air and were useful for indicating areas of possible 
trauma in the soft tissues. Osseous and soft-tissue injuries 





AJR:158, March 1992 


Fig. 1.—Occlusion of anterior tibial 
artery in a patient with gunshot wound 
to the calf. 

A, Coronal fast adiabatic trajectory 
in a steady state (FATS) 20/2.8 MR 
image shows truncation of anterior tib- 
ial artery (arrow). 

B, MR angiogram obtained from 
FATS 20/2.8 acquisition confirms oc- 
clusion of anterior tibial artery (arrow). 

C, Digital subtraction angiogram of 
leg also shows occlusion of anterior 
tibial artery. 


Fig. 2.—Pseudoaneurysm of bra- 
chial artery. 

A, Sagittal fast adiabatic trajectory 
in a steady state (FATS) 20/2.8 MR 
image of arm shows abnormality of bra- 
chial artery (arrow). 

B, MR angiogram obtained from 
FATS 20/2.8 data shows brachial artery 
pseudoaneurysm (straight arrow). Su- 
perficial venous flow (curved arrow) is 
also seen. 

C, Digital subtraction angiogram of 
arm confirms pseudoaneurysm. 


were identified in three patients. Workstation calculation of 
image reformations in near real time allowed the tomographic 
depiction of vessels along with the display of anatomic land- 
marks for accurate delineation of vascular injuries and asso- 
ciated bone and soft-tissue injuries. 


Discussion 


MIP ray tracing methods are often used to calculate MR 
angiographic images. Hyperintense signal from fat can be 
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confused with hyperintense signal from vessels, and thereby 
produce artifacts in calculated angiographic images obtained 
with the MIP method. Fat suppression is helpful in MR an- 
giography of the extremities to reduce signal intensity from 
fat, which can obscure vascular detail on MIP ray tracings. 
Fat-suppression techniques such as chemical-shift presatu- 
ration or methods that use phase differences between fat and 
water require longer TR times or multiple excitations [3, 4]. 
FATS achieves fat suppression more efficiently by using a 
short TR with thin, high-resolution images. 

Vascular imaging in MR is generally achieved by enhancing 
signal from flowing blood while suppressing signal from sta- 
tionary tissue [5]. With the FATS technique, flow-enhance- 
ment data for MR angiography comes from time-of-flight 
(TOF) effects as well as the ability of adiabatic pulses to 
refocus off-resonance spins that are frequency shifted be- 
cause of flow. A typical 3-D TOF method uses T1-weighting 
to suppress background stationary tissue while potentiating 
flow-related enhancement effects, whereas FATS is a proton- 
density weighted method that has reduced flow-related en- 
hancement. The adiabatic pulses used in the FATS sequence 
refocus the flowing spins that are frequency shifted to poten- 
tiate flow intensity. The flow-enhancement effects of the FATS 
technique are afforded without the need to suppress the 
signal from stationary tissue. Moreover, a larger region of 
interest can be surveyed by the FATS technique compared 
with the usual 3-D TOF method, which requires a thinner slab 
in order to increase flow-related enhancement. 

The high-resolution 3-D anatomic data provided by FATS 
in the current study allowed accurate evaluation of soft-tissue 
and bone injury for assessing the possibility of injury close to 
vascular structures before angiographic data were reviewed. 
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Diagnostic information was not limited to distinguishing be- 
tween occlusion and patency; for example, a small (6 mm) 
pseudoaneurysm was well depicted by this technique. 

The inability to visualize slow retrograde flow in a more 
proximally occluded artery and the loss of signal in the distal 
portion of arteries due to TOF effects might pose diagnostic 
problems with our method. However, if anatomic reformations 
indicate possible soft-tissue injury distal to the initial scanning 
region, the extremity coil can be repositioned for additional 
acquisitions. Assessment of upper thigh or shoulder injuries 
may be impossible if this part of the limb does not fit into the 
extremity coil. In the future, transmit-receive coils could be 
enlarged for this purpose. 

In summary, the combined soft-tissue and vascular display 
provided by FATS makes it a potentially effective technique 
for evaluating certain types of penetrating vascular proximity 
injuries. Further work needs to be done to determine the 
sensitivity and specificity of this method in the diagnosis of 
vascular injuries, including intimal flaps, arteriovenous fistulas, 
and nonoccluding arterial thrombi. 
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Interventional Computed Tomography. By Rainer M. M. Seibel and Dietrich H. W. Grönemeyer. (Translated by 
Peter A. Rothschild, Jurgen Plassmann, and Hermann Sehnert.) Boston: Blackwell, 355 pp., 1990. $174.95 


This is an excellent textbook on percutaneous procedures per- 
formed under CT guidance. The content includes routine and novel 
techniques. The book is divided into nine sections (two and a half are 
on conventional interventional procedures). It was written by 29 
contributors (24 Germans and five Americans). The radiographs, 
pictures, color anatomic figures, and diagrams are of good quality 
and illustrative for each section. 

CT-guided biopsy and drainage are approached with a thorough 
review of their indications, techniques, and complications. The new 
fields of pain therapy, treatment of spinal disease, and percutaneous 
treatment of cancer are presented in a well-organized fashion. Per- 
cutaneous techniques of nerve blockage of the cervicobrachial plexus 
and celiac plexus, precoccygeal sympathetic trunk neurolysis, and 
thoracic and lumbar sympathectomy to treat pain are carefully de- 
scribed. Facet therapy, radicular therapy, and percutaneous diskec- 
tomy are included in the CT-guided treatment for diseases of the 
spinal column. The authors’ pilot experience with direct tumor ablation 
involved 71 cancer patients treated percutaneously with alcohol or 
intratumoral agents. The indications and results of this study are 
comprehensively analyzed. 

The section on the future outlook for interventional radiology 
introduces the combination of CT fluoroscopy, incorporating a C-arm 
unit in the CT suite for a variety of interventional procedures. This 
approach will improve the performance in cases that require use of 
the Seldinger technique, permitting safer and accurate manipulations 
of guidewires and catheters. Additionally, the need for moving the 
patient from the CT suite to a fluoroscopy room to complete the 


procedure is avoided. Low-field-strength-MR for guidance, an intro- 
duction of a workstation, and three-dimensional image processing 
are also included in this section. The last two sections of the book 
are on methods of electric stimulation and theoretical aspects of 
different types of pain. 

In summary, this is an innovative edition that focuses on the use 
of CT for percutaneous procedures. This volume may fill the need for 
a dedicated text on CT interventional radiology. However, the novel 
techniques described appear more appealing for a university-based, 
or large interventional radiology service rather than for the general 
radiologist. Most of the chapters elaborate on the treatment of pain 
and on disease of the spinal column, a new field that | am sure 
American interventionalists are looking forward to exploring. The 
radiologist in private practice who is searching for basic information 
on routine biopsy or drainages performed under CT guidance will 
obtain more benefit from general interventional radiology publications 
such as Atlas of Interventional Radiology, edited by Cope, Burke, and 
Meranza (Lippincott, 1990); Interventional Radiology, edited by Wil- 
frido, Castanada-Zuniga, and S. Tadavarthy (Williams & Wilkins, 
1988); or Handbook of Cardiovascular Interventional Radiology Pro- 
cedures, by Kandapa (Little, Brown, 1989). Any of these volumes are 
useful for a last-minute review of basic interventional techniques just 
before the procedure is performed. 


Horacio R. D'Agostino 
University of California, San Diego, Medical Center 
San Diego, CA 92103 
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Case Report 





Combined Saccular Aneurysm and Proximal Interruption of 
the Inferior Vena Cava Associated with Budd-Chiari 


Syndrome 


Metin Cakmakci,’ Osman Abbasoglu,' Ferhun Balkanci,? Okan Akhan,? and Ahmet Özenç’ 


Inferior vena cava (IVC) aneurysm is a rare anomaly. Before 
1989, only six cases had been reported in the literature [1]. 
Complete obstruction of the IVC at the diaphragmatic level 
causing Budd-Chiari syndrome is also a rare entity [2]. We 
report a case of complete obstruction of the IVC and left 
hepatic vein, combined with an aneurysm of the infrarenal 
segment of the IVC. To our knowledge, such an anatomic 
variation has not been reported before. 


Case Report 


A 39-year-old woman was admitted because of abdominal pain 
and fatigue. On physical examination, ascites was found. Laboratory 
results were within normal limits except for a prolonged prothrombin 
time of 19 sec. CT of the abdomen showed a right-sided retroperi- 
toneal mass near the hilum of the right kidney that was contiguous 
with the IVC and showed opacification similar to the IVC after injection 
of contrast material (Fig. 1A). Abdominal sonography revealed an 
inhomogenous, echogenic pattern in the liver and hypertrophy of the 
caudate lobe. The right hepatic vein was normal, but the left and 
middle hepatic veins were not visualized. The IVC was absent at the 
level of the diaphragm. The right-sided retroperitoneal mass shown 
on CT was seen adjacent to the right renal hilum (Fig. 1B). Its 
sonographic appearance suggested a vascular structure; Doppler 
examination was recommended but could not be performed. Excre- 
tory urography showed lateral displacement of the right renal pelvis. 
Percutaneous liver biopsy revealed congestion and focal fibrosis, 
indicating cirrhosis. 
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Laparotomy was performed, and an aneurysm of the infrarenal 
IVC was found. No thrombus was palpated in the vena cava or in the 
aneurysm, and the aneurysm was not resected. 

In the postoperative period, further investigations were performed 
to evaluate the abnormality. Splenoportographic findings were nor- 
mal. Inferior venacavography showed the saccular infrarenal aneu- 
rysm and interruption of the IVC at the hepatic segment (Fig. 1C). 
The right hepatic vein was catheterized, but a left hepatic vein could 
not be entered. The flow in the IVC was reversed (Fig. 1D). Venous 
return from the IVC was through the left renal vein emptying through 
the gonadal veins and the sacral venous plexus into distended azygos 
and hemiazygos trunks. This pattern of collateral flow was confirmed 
with °°"Tc-macroaggregate albumin scintigraphy. 


Discussion 


Budd-Chiari syndrome may arise from obstruction of the 
hepatic vein outflow at a number of sites, from the efferent 
veins of the lobules to the diaphragmatic portion of the IVC. 
Among the congenital anomalies of the IVC, interruption or 
complete obstruction, including absence of the hepatic seg- 
ment of the IVC, is rare [3, 4]. A membranous type of 
obstruction of the IVC has been described, but its pathogen- 
esis has not been clarified [2]. The venous drainage from 
below the diaphragm in such cases is via the azygos and 
hemiazygos venous system to the superior vena cava. In our 
patient, the IVC was interrupted at the level of the hepatic 
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vein inflow, as evidenced by the absence of this segment of 
the IVC on sonography and CT. 

To our knowledge, localized aneurysmal dilatation of the 
IVC was first reported by Oh et al. [5] in 1973. Since then, 
five additional cases have been described. Stiris and Finnan- 
ger [6] described a case of aneurysm and infrahepatic IVC 
interruption but with the hepatic veins draining into the right 
atrium. Although the exact pathogenesis of IVC aneurysms 
is unknown, a congenital weakness of the vein, leading to 
dilatation and aneurysm formation, has been suggested. 

The venous aneurysm and interruption of the IVC leading 
to Budd-Chiari syndrome in our patient probably are congen- 
ital in nature. Prolonged increased pressure in the varix as a 
result of the complete IVC obstruction may have led to its 
massive enlargement. 

CT scanning plays an important role in visualizing the 
retroperitoneal space [7]. In our patient, CT showed a retro- 
peritoneal mass, initially thought to be an enlarged lymph 
node. Although a vascular abnormality was considered when 
using sonography, we did not have Doppler capability at that 
time. Whenever vascular disease is suspected, CT (without 
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Fig. 1.—A, Contrast-enhanced CT scan of 
abdomen. Right-sided retroperitoneal mass 
opacifies together with inferior vena cava 
(IVC). 

B, Sagittal sonogram of midabdomen shows 
retroperitoneal mass (A) adjacent to IVC (VCI). 

C, Postoperative inferior venacavogram ob- 
tained after injection of contrast material (ar- 
row) via right common iliac vein shows filling 
of saccular aneurysm of IVC and interruption 
of IVC at diaphragmatic level. 

D, Hepatic venogram shows retrograde fill- 
ing of infrahepatic IVC from injection of con- 
trast material into right hepatic vein (arrow) 
and interruption of IVC at diaphragmatic level; 
collateral flow is evident through distended left 
renal vein and azygos system. 





and with contrast enhancement), duplex sonography, or MR 
should be performed. If the diagnosis is still in question, 
angiography should be performed to direct or avoid surgery. 
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Catheter-Induced Pulmonary Artery Pseudoaneurysm: 


The Halo Sign on CT 


Adam R. Guttentag,' Jo-Anne O. Shepard, and Theresa C. McLoud 


Since their introduction in 1970, balloon-tipped pulmonary 
artery (PA) catheters have become an indispensable part of 
intraoperative and intensive care unit patient management. 
However, complications associated with their use, such as 
cardiac arrhythmias, central venous thrombosis, and pulmo- 
nary infarction, are well recognized [1]. PA perforation is an 
infrequent yet potentially lethal complication of PA catheter 
use. A pseudoaneurysm may form at the site of perforation 
and present as a new lung nodule [2-4]. We report two such 
cases in which CT scans obtained 4 and 16 days after PA 
perforation showed an appearance that we believe is char- 
acteristic of these pseudoaneurysms. As false aneurysms are 
at risk of enlarging and rupturing, recognition of this unusual 
entity is essential so that appropriate therapy can be insti- 
tuted. 


Case Report 


An 81-year-old man was admitted to the hospital with congestive 
heart failure and aortic regurgitation. He had received a porcine aortic 
valve replacement 13 years earlier and was taking several medica- 
tions, including aspirin and dipyridamole. A Swan-Ganz catheter was 
placed uneventfully, and the initial radiograph showed its tip in the 
right interlobar pulmonary artery. PA pressure was 40/10 mm Hg. 
Seventeen hours later, while a nurse was attempting to obtain a 
wedge pressure, the patient had sudden coughing and hemoptysis 
of several hundred milliliters. This bleeding subsided during the next 
several hours. Bronchoscopy revealed a clot in the right middle lobe 
bronchus with submucosal hemorrhage. A pulmonary infarction 
caused by the catheter was suspected as the cause of his hemop- 


tysis, which persisted for the next 2 weeks. Serial radiographs 
showed pulmonary edema, which cleared during the next few days, 
leaving a focal consolidation in the right middle lobe (Fig. 1). A 
radiograph obtained 12 days after the initial episode of hemoptysis 
showed clearing of this opacity and in its place a well-defined nodule. 
An unenhanced CT scan 4 days later showed a 1.5-cm sharply 
defined nodule surrounded by a halo of ground-glass and reticular 
opacities, seen best on 2-mm collimated scans. A pseudoaneurysm 
of the right middle lobe PA was suspected. Pulmonary angiography 
performed 3 days later confirmed a small pseudoaneurysm near the 
origin of the right middle lobe artery, and transcatheter embolization 
was accomplished with three 3-mm Gianturco stainless steel coils 
(Cook, Inc., Bloomington, IN) and three Gelfoam pledgets (Upjohn 
Co., Kalamazoo, MI). No further hemoptysis occurred. 


Discussion 


Many complications resulting from the use of PA catheters 
have been described, including cardiac arrhythmias, sepsis, 
intravascular knotting, central venous thrombosis, pulmonary 
infarction, and PA perforation [1]. PA perforation is very 
uncommon, occurring in up to 0.2% of catheter placements 
in several series [1, 5]. However, the true prevalence may be 
higher, as some cases may not become clinically apparent, 
and others may be misdiagnosed as pulmonary infarctions, a 
more commonly reported complication of PA catheter use. 
Reported risk factors for catheter-induced PA injury include 
pulmonary hypertension, cardiopulmonary bypass, anticoag- 
ulation, persistent catheter wedging, and difficulty in obtaining 
a wedge tracing [1]. Several mechanisms have been pro- 
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posed, but a common factor is malposition of the catheter tip 
in small pulmonary artery branches. Arterial disruption occurs 
as a result of balloon inflation in a small vessel or direct 
trauma from the catheter tip [1, 6]. 

Pseudoaneurysm formation is an unusual complication of 
catheter-induced PA perforation. Less than 25 such cases 
have been reported in the English-language literature [2-4]. 
Detailed descriptions of the radiologic findings in cases of PA 
pseudoaneurysm are scarce. The most common pattern is 
for an initially dense parenchymal consolidation to clear in 1- 
3 weeks, revealing a well-defined nodule [2]. This results from 
the resorption of blood that had been extravasated into the 
air spaces, with the pseudoaneurysm becoming more sharply 
defined as the surrounding alveoli once again fill with air. Less 
commonly, a nodule may be an early finding [2]. In some case 
reports, follow-up examinations showed enlargement of the 
false aneurysm [4]. 

Shortly before encountering the case described above, we 
observed another catheter-induced PA pseudoaneurysm in a 
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Fig. 1.—81-year-old man with congestive 
heart failure and aortic regurgitation. 

A, Chest radiograph obtained 2 days after first 
episode of hemoptysis shows consolidation in 
right middle lobe. 

B, Radiograph obtained 10 days later shows 
clearing, and a sharply circumscribed nodule 
(arrows). 

C, Unenhanced CT scan obtained 4 days after 
initial episode. 2-mm-thick section at lung win- 
dows shows nodule in right middle lobe sur- 
rounded by a halo of ground-glass and reticular 
densities. 

D, Magnified digital subtraction angiogram 
with selective injection in right middle lobe pul- 
monary artery shows filling of pseudoaneurysm. 


75-year-old woman with normal PA pressures. In this case, a 
well-defined 2.5-cm left lower lobe nodule was discovered on 
a chest radiograph only 1 day after an episode of hemoptysis 
during right heart catheterization. A CT scan obtained 3 days 
later showed a similar appearance to the case described 
above, with a halo of faint density surrounding the sharply 
circumscribed nodule. This also proved to be a pseudoaneu- 
rysm at angiography and was treated successfully by 
transcatheter embolotherapy. 

We can find no description of the CT appearance of cath- 
eter-induced PA pseudoaneurysms in the literature. Reports 
of pseudoaneurysms due to penetrating trauma [7] describe 
enhancement of large (>5 cm) nodules with IV contrast injec- 
tion but do not describe the appearance of the surrounding 
lung. In both our cases, a distinctive appearance was ob- 
served at lung windows on CT scans in which a well-defined 
nodule was surrounded by a halo of fainter opacity. This halo 
around the nodule represents an intermediate stage of clear- 
ance of extravasated blood in which the air spaces have 
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nearly cleared but interstitial thickening persists. A similar halo 
sign has been described in cases of acute invasive Aspergillus 
fumigatus infection [8]; however, these tend to be multiple 
and occur in the setting of profound immunologic suppres- 
sion. Thus, the two diagnoses should be easily separable. 
We believe this halo surrounding a sharply defined nodule is 
a sign highly suggestive of pseudoaneurysm in a patient who 
has had a PA catheter put in place in the preceding weeks, 
particularly if hemoptysis has occurred during that time. Con- 
firmation of the diagnosis can be obtained with dynamic CT 
scanning of the nodule during bolus injection of IV contrast 
material, or, as we chose, with pulmonary angiography, which 
allows immediate embolotherapy. Because false aneurysms 
may enlarge or rehemorrhage [3, 4], sometimes fatally, early 
recognition is essential and definitive treatment should be 
given without delay. Transcatheter embolotherapy has re- 
placed lobar resection as the treatment of choice, providing 
good long-term results without the hazards of surgery. 
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Technical Note 





Temno Biopsy Needle: Evaluation of Efficacy and Safety in 


165 Biopsy Procedures 


Stephen F. Quinn,'? Thomas Demiow,? and Brian Dunkley?’ 


The Temno biopsy needle (Bauer; Via dei Fosso, 1-Italy) is 
a new device for obtaining core specimens for histologic 
analysis. The needle has a spring-activated mechanism that 
fires a cutting cannula, which captures a biopsy specimen 
within a slotted stylet, similar in design to the Tru-Cut needle 
(Baxter Health Care Corp., Deerfield, IL). We evaluated the 
Temno needle to determine its clinical efficacy and safety in 
obtaining adequate biopsy samples. 


Materials and Methods 


During 24 months at two institutions, 165 biopsy procedures were 
performed with Temno biopsy needles with either CT (n = 135) or 
sonographic (n = 30) guidance. Local anesthesia with 1% xylocaine 
was used in ail cases. The biopsy sites included liver {n = 33), 
retroperitoneum {n = 7), lung, mediastinum, and pleura (n = 56), 
musculoskeletal {n = 10), adrenal (n = 5), thyroid (n = 31), kidney 
(n = 6), abdominal and pelvic masses (n = 7), and pancreas (n = 10). 
Sizes of the Temno biopsy needles used for the procedures included 
21-gauge (n = 74), 20-gauge (n = 46), 18-gauge (n = 23), 16-gauge 
(n = 13), and 14-gauge (n = 9). The total number of biopsy passes 
ranged from one to four but in almost all cases three passes were 
made. 

The biopsy specimens were placed immediately into formalin and 
were fixed and stained for histologic examination. On occasion, the 
material was sent in saline solution when special cytologic markers 
for suspected lymphoma were needed. Measurements of the biopsy 
specimens were made by the pathologists interpreting the material. 
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The Temno biopsy needle is made of an outer sharpened cutting 
cannula and an inner stylet with a specimen slot and a sharpened 
beveled tip (Fig. 1). The handle is lightweight and- made primarily of 
plastic. The Temno biopsy needle is advanced through the skin and 
soft tissues with the slotted stylet contained within the outer cannula. 
For the final 17 mm, the inner stylet is advanced alone, and CT scans 
or sonograms are obtained to confirm needle location (Fig. 2). The 
cutting cannula is fired forward over the slotted stylet by a spring- 
triggered mechanism contained within the handie. 

in 10 cases, faulty manufacturing caused the stylets to become 
flying projectiles when the firing mechanism was triggered. The 
needies in this lot number were recailed, and the problem did not 
recur. 


Results 


The Temno needle passed easily through soft tissues, and 
the handle was light enough to use during CT. When the 
needie was left in piace to confirm position, the handle and 
needie did not cause attenuation artifacts. 

In 142 procedures, measurements of specimens were avail- 
able. The specimens varied in size from 1 to 20 mm (mean, 9 
mm) in the greatest dimension. In 87% (143/165) of cases, 
the biopsy results were diagnostic. The diagnoses included 
metastatic cancer (n = 36), primary cancer {n = 46), Ilym- 
phoma (n = 11), benign neoplasms (n = 5), benign thyroid 
disorders (n = 23), and inflammatory and other benign proc- 
esses (n = 22). 


' Department of Radiology, Good Samaritan Hospital, 1015 N.W. 22nd, Portland, OR 97210. Address reprint requests to S. F. Quinn. 
? Department of Radiology, Oregon Health Sciences University, 3181 SW Sam Jackson Park Rd., Portland, OR 97201. 
3 Present address: Department of Radiology, Portland Adventist Hospital, 10123 SE Market, Portland, OR 97216. 


AJR 158:641~-643, March 1992 0361-803X/92/1583-0641 © American Roentgen Ray Society 


642 QUINN ET AL. 





we 5 cn . 
SPECIMEN / KA 
NOTCH / o5 X 





A 


Twenty-two biopsies performed with the Temno needles 
did not have diagnostic results. The final diagnoses in these 
cases were lymphoma {n = 5), presumed lymphoma (n = 1), 
sarcoidosis (n = 1), hemangioma (n = 1), presumed cholan- 
giocarcinoma (n = 1), aneurysmal bone cyst (n = 1), cystic 
thyroid nodules (n = 2), ganglioneuroma (n = 2), thyroid 
adenoma (n = 1), bronchogenic carcinoma with marked in- 
flammatory changes (n = 1), necrotic adrenal metastasis (n 
= 1), a solid thyroid nodule scheduled for a repeat biopsy (n 
= 1), a cavitating pulmonary neoplasm (n = 1), and solid 
pulmonary neoplasms (n = 3). The diagnoses in these cases 
were made by repeat needle biopsies (n = 11), surgical 
biopsies or excisions (n = 9), and by presumption after follow- 
up (n = 1); in one case a repeat biopsy is planned. 

The 22 nondiagnostic biopsy sites included liver (2/33), 
thyroid (5/31), musculoskeletal (2/10), retroperitoneum (1/7), 
lung, pleura, and mediastinum (9/56), adrenal (2/5), and kid- 
ney (1/6). The diagnostic accuracies according to needle sizes 
were 85% (63/74) for 21-gauge, 91% (42/46) for 20-gauge, 
83% (19/23) for 18-gauge, 85% (11/13) for 16-gauge, and 
89% (8/9) for 14-gauge needles. 

The complication rate when using the Temno needles was 
5% (9/165), which included pneumothoraces that did not 
require treatment (n = 5), pneumothoraces that required 
treatment {n = 3), and a self-limited hemorrhagic episode after 
a lung biopsy that required conservative analgesic therapy 
(n = 1). 















Fig. 2.——CT scan in pa- 
tient with hepatic heman- 
gioma shows specimen slot 
(straight arrow) of a 21- 
gauge Temno needie cen- 
ee tered on a high-attenuation 

í lesion (curved arrows) in the 
m lateral segment of left lobe 
E Of liver. In addition, there is 
; diffuse fatty infiltration of 
t the liver. 
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Fig. 1.-—Schematic diagrams of 
Temno needle biopsy procedure. 

A, Firing mechanism is cocked by 
pulling back on plunger. Needle is ini- 
tially advanced into soft tissues in this 
position. 

B, Only stylet is advanced last 17 
mm, so that specimen notch is cen- 
tered on area to be sampled. When 
specimen notch is in proper position, 
depression of plunger triggers firing 
mechanism and advances cutting can- 
nula over specimen notch. 


Discussion 


The diagnostic accuracy of fine-needie aspiration biopsy 
(FNAB) is reported to be as high as 92% [1]. Such highly 
successful series generally come from larger hospitals, which 
often have the benefit of skilled cytopathologists to evaluate 
smail-volume aspiration samples. Core biopsy needles are 
attractive because they provide nondistorted histologic cores 
that are significantly easier to interpret than are cytologic 
specimens. 

In our series, the diagnostic accuracy of the Temno needle 
was 86%, which is somewhat lower than that in other series 
that used either FNAB or cutting needles [1-3]. However, 
many of the positive biopsies in our experience were from 
lesions that typically are difficult to diagnose with needle 
biopsy, such as lymphoma, which speaks well for the Temno 
needie. The majority of the nondiagnostic biopsies in our 
series were cystic lesions and lymphomas and benign proc- 
esses such as ganglioneuroma, hemangioma, and sarcoido- 
sis. Some of the procedures were done by residents and 
fellows who had variable degrees of expertise. We anticipate 
that accuracy will increase with experience. We routinely 
made three passes because that has been our routine for 
FNAB technique; however, this may be an excessive number 
when using the Temno needle. This issue needs to be ad- 
dressed in future evaluations of this needle. 

The Temno biopsy needle offers a number of advantages 
over current percutaneous biopsy devices. It is suitable for 
CT-guided procedures, the handle is light enough so that the 
needle will remain safely in place even with oblique or lateral 
approaches while CT scans are obtained, and the tip of the 
needie is adequately sharpened to allow easy passage 
through intervening soft tissues. In addition, the Temno bi- 
opsy needle is available in a variety of lengths (60-150 mm) 
and sizes (21- to 14-gauge) to accommodate a variety of 
biopsy sites, and it provides a nondistorted histologic biopsy 
core, which can allow definitive diagnosis of benign and 
malignant lesions. For example, histologic cores obtained 
were large enough for definitive diagnoses of such benign 
neoplasms as hepatic hemangioma, neurofibroma, and mye- 
lolipoma. 
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The sizes of the biopsy needles we chose for a particular 
situation varied depending on the site of the lesion to be 
biopsied. As a general rule, we used 21-gauge needles for 
thyroid and lung biopsies, 20-gauge needies for hepatic and 
pancreatic biopsies, 18-gauge needles for pleural, retroperi- 
toneal, and musculoskeletal lesions, and 14- and 16-gauge 
needies for suspected lymphoma and sarcoma. The larger- 
size needies did not necessarily correspond to higher diag- 
nostic accuracies. The best diagnostic accuracies came from 
20-gauge needles and the worst from 18-gauge needles. 
These results must be viewed with caution, because we 
preselected needles according to suspected diagnoses. For 
example, if a benign soft-tissue neoplasm such as neural 
tumor was suspected, a larger needle was chosen, but these 
are the lesions that are most difficult to diagnose with a 
needie biopsy. Our study was not designed to evaluate the 
comparative efficacies of different needle sizes and it is not 
our intention to prescribe needle sizes. 

The reported complication rate from FNAB procedures 
ranges from 0.55% to 1.1% [4-7]. In our series, there were 
no complications associated with abdominal biopsies. Com- 
plications occurred in nine of 165 cases (5.5%), all but one of 
which were pneumothoraces that occurred during 56 thoracic 
biopsies. By comparison, Greene [8] reported pneumothorax 
rates of 14-23% in a total of 559 biopsies performed at 
several centers with the FNAB technique. One patient had 
pleuritic chest pain that required analgesic support immedi- 
ately after a lung biopsy. No pneumothorax was present and 
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the patient was discharged 4 hr after the biopsy. The pain 
was presumed to be due to hemorrhage. 

One of the disadvantages of the device is the cost, which 
is somewhat higher than for most biopsy needies (Temno, 
$25-$42; Tru-Cut, $18; Biopty, $17.50 [which does not in- 
clude the one-time cost of the gun, which is $1500-$1840}]. 
Greene, $9.75 [Cook Corp., Bloomington, IN]; and spinal 
needie, $1.80 [Becton-Dickinson Corp., Franklin Lakes, NJ). 
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Book Review 





Fast-Scan Magnetic Resonance. Principles and Applications. By Felix W. Wehrli. New York: Raven, 164 pp., 


1991. $45 


In the preface, Dr. Wehrli states that he wishes this book dealing 
with the problems of fast-scanning MR to be accessible to the 
average reader of clinical MR literature. Thus, the work is not written 
at an introductory level, nor is it written at an expert level, but rather 
the intermediate level. Such a goal can be a difficult task. | think he 
has accomplished his purpose. As a Clinician, | found the book easy 
to understand, touching on many of the major topics and at an 
adequate depth as to be enlightening. The depth and organization, | 
think, are the greatest assets of the book. They allow it to be used 
by many as a quick reference. For more detailed information in any 
of the areas covered by this book, it would be necessary for it to 
have far greater depth. References are available for this purpose. 

The book is organized in a logical manner. Simple MR pulse 
sequences are examined. Variations of the sequences are explained. 
What happens to the pulse sequence when certain variations are 
made is explained also. Each of these variations is usually illustrated 
by images of an appropriate structure, such as brain or bone, or by 
an illustration of the pulse sequence itself. The reader is brought step 
by step to an understanding of factors that affect scan time, image 


quality, and contrast. Also, the clinical relevancy of each of the 
sequences and its permutations is demonstrated. This is important 
for the average reader. | think the clinician will understand why certain 
sequences are more appropriate in certain clinical situations. 

The illustrations are of good quality. The pulse sequences are also 
easy to understand. ! found this the most surprising part of the book, 
especially as my primary background is more clinical. Captions that 
accompany each sequence are adequate and succinct. 

| recommend this book to anyone who is interested in learning 
more about fast-scan MR imaging. However, those who have a great 
deal of expertise in the area probably will find the book superficial. 
Again, the book is aimed at those who have some MR knowledge 
and wish to have a good, basic understanding of what takes place in 
fast-scan imaging. 
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Detection of Residual or Recurrent 
Meningioma After Surgery: Value of 
Enhanced vs Unenhanced MR Imaging 





The enhanced and unenhanced MR examinations obtained after surgery for menin- 
gioma in 38 patients were reviewed to determine the value of enhanced vs unenhanced 
MR imaging for the detection of residual or recurrent tumor. Enhanced images improved 
delineation of the extent of tumor in seven of 13 cases in which meningioma was 
identified on unenhanced images and allowed more definitive detection or exclusion of 
residual or recurrent meningioma in 18 of 21 cases with equivocal findings on unen- 
hanced images. In addition, enhanced images were helpful for detecting small recur- 
rences, identifying en plaque growth, and showing subtle progression on serial studies. 
Enhanced MR imaging also allowed detection of two morphologic patterns of dural 
enhancement adjacent to the surgical bed: (1) thin and smooth, which was seen in 
patients both with and without residual or recurrent tumor, and (2) thick and nodular, 
which was seen only in patients with findings indicative of, or at least suggestive of, 
residual or recurrent meningioma. Unenhanced images failed to detect, or poorly 
detected, these dural abnormalities. Unenhanced sequences were necessary for accu- 
rate interpretation of the enhanced images (e.g., identification or exclusion of hemor- 
rhage). 

The combination of unenhanced and enhanced MR imaging is recommended for the 
detection of residual or recurrent meningioma after surgery. 
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The efficacy of enhanced compared with unenhanced MR imaging for the 
preoperative detection and characterization of meningioma is well established [1- 
4]. Moreover, enhanced MR imaging allows the visualization of prominent dural 
enhancement adjacent to the tumor, a finding that has received considerable 
attention in the recent neuroradiologic literature [5-8]. This study was done to 
compare the value of enhanced vs unenhanced MR imaging for the detection of 
residual or recurrent meningioma and for the evaluation of dural abnormalities after 


surgery. 


Materiais and Methods 


The MR studies of all patients who had had resection of an intracranial meningioma and 
who were seen at our outpatient facility between March 1989 and July 1990 were retrospec- 
tively reviewed. From a group of 50 patients, six patients were exciuded because of lack of 
contrast-enhanced images {n = 3) or lack of at least one set of unenhanced and enhanced 
MR studies performed within 1 week of each other (n = 3). In addition, patients who had 
received radiation therapy for the meningioma (n = 2) or who had neurofibromatosis (n = 4} 
were excluded. The study population consisted of 38 patients (14 men and 24 women) 31- 
77 years old (mean, 58 years). The interval from craniotomy or craniectomy to the first 
postoperative MR study was 20 days to 8.5 years. The postoperative meningiomas were 
supratentorial in 28 patients, infratentorial in six, and both supra- and infratentoriai in four. 

MR imaging was performed on a 1.5-T unit (Signa; General Electric Medical Systems, 
Milwaukee, Wl). Unenhanced spin-echo images were obtained by using short TR/TE (600/ 
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20) and multiecho long TR/intermediate and long TE (2000/40,80) 
pulse sequences. Gadopentetate dimeglumine (Magnevist; Berlex 
Laboratories, Cedar Knolis, NJ) was then injected IV (0.1 mmol/kg 
body weight), and short TR/TE (600/20) images in at least two 
orthogonal planes were obtained immediately. The slice thickness 
was 3 or 5 mm; the interslice gap was 1.5 or 2.5 mm, respectively; 
the matrix size was 256 x 256; and the number of excitations was 
two. Serial postoperative MR examinations were available in 25 
patients; six patients had one preoperative MR study in addition. 

Two neuroradiologists independently evaluated the unenhanced 
and enhanced MR examinations of each patient. The reviewers were 
aware that all patients had had resection of a meningioma but had 
no other clinical information. The following criteria were assessed on 
unenhanced MR: (1) the presence of a mass in the surgical bed, (2) 
the morphology of the mass, and (3) the intensity of the mass. 
Enhanced MR images were evaluated for (1) the presence of an 
enhancing mass in the surgical bed and (2) the morphology of the 
mass. In addition, the presence of several ancillary signs of tumor, 
including white matter edema, mass effect, and progression of find- 
ings on serial studies, was noted. In accordance with these criteria 
and previous descriptions of the preoperative appearance of menin- 
giomas and the brain after surgery [9-15], the unenhanced and the 
enhanced studies were placed into one of three categories: consistent 
with, equivocal evidence of, or no evidence of residual or recurrent 
meningioma. When a discrepancy in categorization occurred (n = 8), 
the pertinent images were reviewed again by both reviewers simul- 
taneously and a consensus was reached. In those patients with serial 
postoperative scans (n = 25), the composite unenhanced studies 
were categorized as a single study, as were the composite enhanced 
Studies. 

Several additional evaluations were performed. The presence, 
distribution (focal or diffuse), and pattern (thin or thick, smooth or 
nodular) of dural abnormalities on unenhanced scans and/or enhance- 
ment on enhanced images were assessed and correlated with the 
overall categorization of the study. The unenhanced and enhanced 
images were compared to determine the relative merits of the individ- 
ual compared with the combined studies. Specifically, of those unen- 
hanced studies that were interpreted to be consistent with tumor, 
the enhanced images were evaluated with attention to the efficacy of 
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contrast material in improving the detection and delineation of the 
meningioma and in visualizing any associated dural abnormalities. In 
addition, the unenhanced long TR images and the enhanced short 
TR images were interpreted as a single study in order to determine 
whether the absence of unenhanced short TR scans resulted in 
obscuration of any significant abnormality. 

The MR findings were correlated with the surgical and histopath- 
ologic findings, which were available in six patients who had surgery 
again. 


Results 


In 13 of the 38 patients, unenhanced studies showed a 
dural-based soft-tissue mass in the surgical bed that was 
isointense to slightly hyperintense relative to brain on short 
TR sequences and isointense to slightly hyperintense relative 
to gray matter on long TR sequences, with associated white 
matter edema and mass effect. Enhanced images showed 
homogeneous enhancement of the mass. The unenhanced 
and enhanced studies were individually interpreted as con- 
sistent with residual or recurrent tumor. In seven of these 13 
cases, contrast-enhanced images provided better delineation 
of the tumor than did the unenhanced studies, which under- 
estimated the extent of tumor in four (Figs. 1 and 2) and 
overestimated it in three (Fig. 1). 

Twenty-one unenhanced studies demonstrated equivocal 
evidence for tumor, in that a nodular soft-tissue focus without 
mass effect was seen in the surgical bed. A major value of 
enhanced imaging was that it allowed recategorization of 18 
of these equivocal unenhanced studies. Nine were placed into 
the category of consistent with tumor (Fig. 3) and nine were 
placed into the category of no evidence of tumor (Fig. 4). In 
the remaining three equivocal unenhanced studies, enhanced 
images were equivocal also; focal enhancement was identi- 
fied, but the distinction between residual or recurrent tumor 
and postoperative dural enhancement could not be made. 





A B 
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Fig. 1.—68-year-old man 17 months after resection of a parasagittal meningioma. 
A and B, Unenhanced MR images (600/20, A; 2000/40, B} show residual or recurrent meningioma in left parietal lobe (arrows). Hyperintensity in right 


parietal lobe in B was thought to result from surgery. 


C, Enhanced MR image (600/20) shows meningioma on both sides of falx. Note that parietal component was overestimated and right parietal component 
was underestimated in A and B. Thick, nodular dura posterior to globular portion of tumor (arrows) was infiltrated with meningioma at biopsy. 
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Fig. 2.—48-year-old woman 3 years after re- 
section of a cerebellopontine angle meningioma. 

A, Unenhanced MR image (600/20) shows a 
soft-tissue mass in left cerebellopontine angle, 
consistent with meningioma. Soft-tissue mass 
filling Meckel’s cave (arrow) was not appreci- 
ated. 

B, Enhanced MR image (600/20) shows both 
components of tumor. Note dural enhancement 
in prepontine cistern (arrow). 


Fig. 3.—63-year-old woman 7 years after cra- 
niotomy for left frontotemporal convexity menin- 
gioma. 

A-C, Unenhanced MR images (600/20, A; 
2000/40, B; 2000/80, C) show postoperative 
changes. Note relative lack of anatomic distor- 
tion. Hypointensity in posterior aspect of surgical 
bed in B and C (arrows) was thought to represent 
hemorrhage and/or calcification; globular hy- 
pointensity in left frontal lobe (arrowheads), not 
contiguous with operative site, was suggestive 
of another calcified meningioma. 

D, Enhanced MR image shows diffuse en 
plaque growth of meningioma and nodular dural 
enhancement. Note increased conspicuity of left 
occipital meningioma (arrow) and improved de- 
lineation of bilobed left frontal meningioma. 
Sphenoid wing meningioma (arrowheads) was 
not suspected on unenhanced images. 
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Serial studies in these three patients have shown no evidence 
of an enlarging mass lesion. Furthermore, enhanced images 
showed a meningioma not apparent on unenhanced images 
in one (false-negative unenhanced study), excluded meningi- 
oma in the presence of findings consistent with tumor on 
unenhanced images in one (false-positive unenhanced study), 
and changed the diagnostic category from no evidence of to 
equivocal evidence of tumor in one. 

Dural enhancement was seen in 37 patients. Three mor- 
phologic types of enhancement were noted: (1) thin, smooth, 
and focal, contiguous with the surgical bed (Fig. 2); (2) thick 
(>2 mm) or nodular and focal, contiguous with the surgical 
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bed (Figs. 1 and 3); and (3) diffuse, coating the brain surfaces 
(Fig. 5). Thin, smooth, focal enhancement, which was judged 
as being present if the enhancement was more pronounced 
than the normally observed discontinuous dural enhancement 
or more prominent than the dural enhancement of the contra- 
lateral nonoperated hemisphere, was seen in 23 patients. Of 
these 23, 13 had findings consistent with, eight had no 
evidence of, and two had equivocal findings of residual or 
recurrent tumor on enhanced images. The presence of thin, 
smooth dural enhancement was not related to the interval 
between surgery and MR imaging; it was seen in both the 
early postoperative period and as a persistent finding years 





Fig. 4.—70-year-old woman 5 years after resection of left parietal meningioma. 

A, Unenhanced MR image (600/20) shows sulcal effacement in left parietal lobe. 

B, Unenhanced MR image (2000/40) shows surgical changes with or without meningioma. 

C, Enhanced MR image (600/20) shows no abnormal enhancement in either surgical bed or dura. 





Fig. 5.—31-year-old woman 20 years after 
resection of cerebellar astrocytoma and ventric- 
ular shunting. 

A, Enhanced MR image (600/20) shows large 
sphenoid wing meningioma. 

B, Enhanced MR image obtained 1 year after 
surgery for meningioma shows enhancing mass 
adjacent to postoperative encephalomalacic 
cavity (arrows), suggestive of tumor recurrence. 
Follow-up MR obtained 1 year later (not shown) 
showed enlarged tumor, confirming recurrence. 
Diffuse dural and tentorial enhancement is indic- 
ative of postshunt fibrosis. 
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after surgery. No abnormalities of structure or intensity were 
detectable in the dura on unenhanced images in these 23 
patients. In contrast, thick or nodular dural enhancement 
contiguous with the surgical site was seen only in the pres- 
ence of findings indicative of, or at least suggestive of, residual 
or recurrent tumor. This pattern of enhancement was seen in 
12 patients, of whom nine had findings consistent with and 
three had equivocal evidence of tumor on enhanced images. 
Enhanced images markedly increased the conspicuity of dural 
thickening or nodularity compared with unenhanced images, 
which failed to detect any dural abnormality in five and showed 
subtle dural thickening in four. Diffuse dural enhancement 
encasing the cerebral convexities and interhemispheric re- 
gions was seen in two patients, both of whom had had 
ventricular shunting. 

The unenhanced sequences were essential for accurate 
interpretation of the enhanced images. Specifically, the com- 
bination of unenhanced and enhanced images was needed to 
distinguish enhancement from diploetic marrow, normal vas- 
cular structures, benign dural plaques, and hemorrhage. 

Six patients have had surgery again because of clinical 
signs and symptoms and MR findings consistent with menin- 
gioma. Residual or recurrent meningioma was found that 
corresponded to the contrast-enhancing mass on MR images. 
Biopsy of the adjacent thick or nodular dura in three of these 
cases revealed meningioma intermixed with granulation tis- 
sue. The other 17 patients with findings consistent with 
meningioma have not had craniotomy again because of the 
surgical inaccessibility of the tumor, lack of sufficient tumor 
bulk to warrant further intervention, or medical contraindica- 
tions to surgery. Serial studies in 15 of these 17 patients have 
shown enlargement of the tumor in 13, confirming the diag- 
nosis of residual or recurrent meningioma. 


Discussion 


Several problems are inherent in the assessment of patients 
who have had meningioma resection. Specifically, the evalu- 
ation of the completeness of surgical removal is complicated 
by surgical distortion of anatomic landmarks, the difficulty in 
differentiating postoperative changes from tumor, and the 
lack of contrast between meningiomas and adjacent gray 
matter. This study demonstrates the value of enhanced MR 
imaging for the detection or exclusion of residual or recurrent 
meningioma. Enhanced images were particularly helpful in 
determining the presence or absence of meningioma in pa- 
tients with equivocal findings on unenhanced images, in delin- 
eating the total extent of tumor, in identifying small recur- 
rences, in evaluating those tumors that show en plaque 
growth, and in detecting tumor progression on serial studies. 
Even with large recurrent tumors that were readily visualized 
on unenhanced scans, enhanced images were valuable in 
delineating the complete size and extent of the lesions and in 
differentiating tumor from postoperative changes. Although 
enhanced short TR images were the most useful sequence 
for tumor detection or exclusion, unenhanced short TR im- 
ages were necessary to distinguish contrast enhancement 
from hyperintensity on unenhanced sequences. Enhanced 
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MR imaging also allowed or improved the visualization of 
dural abnormalities adjacent to the surgical bed compared 
with unenhanced images. The relationship between the two 
patterns of focal dural enhancement in this study and the 
presence of residual or recurrent tumor is in agreement with 
previous reports of the nonspecificity of thin, smooth dural 
enhancement as opposed to the nonbenign nature of thick or 
nodular enhancement [15-18]. The demonstration of thick or 
nodular enhancement on enhanced MR images may have 
important therapeutic implications. Meningotheliomatous cell 
aggregates in the form of either intradural clusters or nodules 
emanating from the globular part of the tumor mass have 
been implicated in the pathogenesis of unexpected recur- 
rences of meningioma after seemingly total surgical removal 
[19]. Histopathologic sections in our patients, although limited 
in number, have shown a correlation between thick or nodular 
dural enhancement and the presence of meningiomatous 
infiltration. Hence, awareness of the presence of this pattern 
of dural enhancement may be essential in surgical planning 
before reoperation. The diffuse pattern of dural enhancement 
was seen only in patients who had had ventricular shunting 
and is consistent with meningeal fibrosis after shunting [20]. 

Residual or recurrent meningioma was found on 37% (14/ 
38) of unenhanced sequences and on 60% (23/38) of en- 
hanced images. Both of these values are higher than the 11% 
[21] to 22% [22] prevalence of recurrence reported in neu- 
rosurgical reports, which were based on clinical findings, CT, 
and angiography. Several factors may contribute to these 
differences. Many of our patients had clinical findings that 
strongly suggested residual or recurrent tumor, resulting in a 
selection bias in this study population. In addition, our higher 
rate probably reflects the greater capability of contrast-en- 
hanced MR imaging compared with CT and angiography in 
recognizing early tumor recurrence. 

The chance of completely removing a meningioma is greater 
with a small tumor than with a large tumor, especiaily when 
vital neural or vascular structures are contiquous with or 
encased by the mass. Contrast-enhanced MR imaging in the 
postoperative patient facilitates the early recognition of resid- 
ual or recurrent tumor. Furthermore, contrast-enhanced MR 
imaging improves the conspicuity of abnormal dura extending 
from the meningiomatous mass. This finding may indicate the 
need for wide resection of not just the globular portion of the 
meningioma but also the contiguous dura in patients having 
surgery again, in order to reduce the number of local recur- 
rences. 
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Sequence of Enhancement of 
Various Portions of the Pituitary 
Gland on Gadolinium-Enhanced 
MR Images: Correlation with Regional 
Blood Supply 





Robert D. Tien’ in an effort to study the blood supply of the pituitary gland, we determined the 
sequence in which various portions of the gland enhanced on MR images obtained after 
administration of gadopentetate dimeglumine in seven healthy volunteers. The pituitary 
gland has a unique blood supply: the pars nervosa is supplied by the inferior hypophyseal 
arteries; the infundibular stem is supplied by the superior hypophyseai arteries, which 
are more distal than the inferior hypophyseal! arteries; and the pars distalis is supplied 
indirectly by portal systems from the infundibular stem. Therefore, the expected se- 
quence of contrast enhancement of the pituitary gland is: the pars nervosa first, the 
infundibular stem second, and the pars distalis last. However, it is difficult to evaluate 
the temporal sequence of contrast enhancement with “slow” conventional MR tech- 
niques, such as routine enhanced images acquired minutes after contrast administration. 
Accordingly, we used rapid enhanced gradient-echo sequences (14 sec/image) and the 
region-of-interest method to determine contrast enhancement for various portions of 
the gland. Enhancement-time curves were then plotted for each portion and compared 
to determine the sequence of enhancement. 

Our results show that the timing of contrast enhancement of various parts of the 
pituitary gland as demonstrated on MR imaging correlates closely with the expected 
perfusion sequence based on knowledge of regional vascular anatomy. Normal enhance- 
ment-time curves of different portions of the pituitary gland were established. This 
technique and baseline data can be used to evaluate patients with hypopituitarism 
caused by ischemia. 
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Any disease that causes a decrease in blood supply to the pituitary gland may 
disrupt the diverse physiologic functions of the gland. Thus, numerous techniques 
have been used to study the regional vascular anatomy of the pituitary gland, 
including corrosion casts of the gland and microcinephotography [1-6]. in an 
attempt to study the blood supply of the pituitary gland further, we examined the 
sequences of contrast enhancement of various portions of the gland on dynamic 
gadopentetate dimeglumine-enhanced MR images obtained of healthy volunteers. 
The gradient-echo MR pulse sequence was chosen instead of the spin-echo 
technique in order to obtain the required temporal resolution. 


Subjects and Methods 
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October 21. 1991. The study group consisted of seven healthy adult volunteers 28-47 years oid (mean, 35 
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Box 3808, Duke University, Durham, NC 27710. Parameters for the unenhanced sagittal T1-weighted images were 256 x 192 matrix, 600/20 
Address reprint requests to R. D. Tien. (TR/TE), two excitations, and 18-cm field-of-view. A dynamic contrast-enhanced T1-weighted 
0361--803X/92/1583-0651 gradient-echo sequence was obtained in the midsagittal plane. After an unenhanced gradient- 
© American Roentgen Ray Society echo image was obtained, a bolus of gadopentetate dimeglumine was injected, and 14 to 30 
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images were obtained. The interval between successive images was 
14 sec. The parameters for the contrast-enhanced sequences were 
100/15/70° (TR/TE/flip angle), 16-cm field of view, 3-mm slice thick- 
ness, 256 x 128 matrix, and one excitation. A presaturation pulse 
was used to reduce flow artifact. Finally, routine contrast-enhanced 
T1-weighted spin-echo images were obtained in the sagittal plane by 
using the same parameters as for the unenhanced images. In two 
subjects, the dynamic study was continued for 11 min to obtain the 
delayed enhancement pattern. All patients received an IV bolus 
injection of gadopentetate dimeglumine (0.1 mmol/kg Magnevist, 
Berlex, Cedar Knolls, NJ) given over less than 10 sec. 

The sequence of enhancement of various portions of the pituitary 
gland was assessed both visually and quantitatively. For the quanti- 
tative analysis, the signal intensity was measured by using the region- 
of-interest method in four areas: the posteroinferior portion of the 
pars nervosa, the upper infundibular stem—median eminence, the 
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pituitary gland immediately below the lower infundibular stem, and 
the pars distalis. Circular regions of interest (minimum, 20 pixels) 
were used to measure specific areas on sequential dynamic images. 
The data were obtained by averaging repeated measurements to 
decrease variability. Similar to the density-time profile in dynamic CT, 
the averages of the regions of interest in the same anatomic location 
of all seven subjects at a given image number were plotted against 
time elapsed from the start of bolus injection of gadopentetate 
dimeglumine. The enhancement-time curves were then analyzed. 
Patterns of contrast enhancement observed on the images were 
correlated with the regional blood supply of the gland as reported in 
the literature. The inferior hypophyseal arteries supply the inferopos- 
terior portion of the gland [1-9]. The superior hypophyseal arteries 
supply the infundibular stem [1-9]. The anterior lobe of the gland is 
supplied by the portal system [1-9]. Because the inferior hypophyseal 
arteries arise from the more proximal portion of the carotid artery, 





Fig. 1.—A, Sagittal unenhanced T1-weighted MR image (600/20/4) shows a normal pituitary gland. Posterior bright spot is identified well (arrow). 

B, Unenhanced dynamic gradient-echo MR image (100/15/70°/1) shows pituitary gland less clearly than on spin-echo T1-weighted image. However, 
small area of high signal intensity is located in posteroinferior portion of pars nervosa (straight arrow). This area is smaller than posterior bright spot seen 
on spin-echo T1-weighted image. Also, magnetic susceptibility artifact of sinus air is more prominent and partially obscures inferior portion of pars distalis 


(curved arrow). 


C, Dynamic MR image obtained 28 sec after start of bolus injection of contrast medium shows marked enhancement of pars nervosa (/ong straight 
arrow), pituitary gland immediately below inferior infundibular stem (curved arrow), and mild enhancement of infundibular stem (small straight arrows). 


Pars distalis is enhanced only faintly (arrowhead). 


D, Dynamic image obtained 42 sec after beginning of bolus injection of contrast medium shows greater enhancement in upper pars nervosa (open 


arrow) and pars distalis (solid arrows) than image obtained 14 sec earlier. 


E, Dynamic MR image obtained 84 sec after start of bolus injection of contrast medium shows entire pituitary gland has homogeneous enhancement. 
F, Sagittal enhanced spin-echo T1-weighted MR image shows a homogeneously enhanced pituitary gland. 
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the posterior portion of the gland should receive the contrast material 
first. The anterior portion of the pituitary gland should receive the 
contrast bolus after the infundibular stem. 


Results 


Observation of the sequence of contrast enhancement on 
midsagittal images shows that the posteroinferior portion of 
the pars nervosa, the infundibular stem, and the pituitary 
tissue immediately below the infundibular stem enhanced 
simultaneously in all subjects. The pars distalis enhanced 
slightly later. By 70-84 sec after injection of the contrast 
material began, the entire gland enhanced homogeneously 
(Fig. 1). Enhancement-time curves reveal a sharp rise of 
contrast enhancement of the posterior pars nervosa and the 
pituitary gland below the infundibular stem (28 sec after 
injection of contrast agent was started). The peak enhance- 
ment of these areas was reached between 42 and 70 sec 
after the beginning of injection. However, a slight decrease in 
enhancement was noted afterward. The peak enhancement 
of the upper infundibular stem-median eminence occurred 42 
sec after the injection. Enhancement of the pars distalis began 
42 sec after the beginning of contrast injection, and the peak 
enhancement occurred about 70 sec after the injection. En- 
hancement of the pars distalis and upper infundibular stem 
remained at peak level for the entire 3-min study (Fig. 2). In 
the two patients with the 11-min dynamic study, the contrast 
enhancement also persisted in the pars distalis and upper 
infundibular stem but decreased slightly and steadily in the 
pars nervosa and the area immediately below the infundibular 
stem. These curves match extremely well with what is known 
about the sequence of physiologic blood supply to various 
portions of the pituitary gland (e.g., expected arterial and 
venous flow to and from the gland) [1-9]. The magnetic 
susceptibility artifact from the sphenoid air was noticeable; 
however, the ability to measure the signal intensity in areas 
of interest was not significantly affected. 


Discussion 
Review of the Pituitary Blood Supply 


The pars nervosa of the pituitary gland is supplied by the 
inferior hypophyseal arteries. Medial and lateral branches of 
the inferior hypophyseal arteries anastomose with their coun- 
terparts from the opposite side, forming an arterial ring around 
the infundibular process of the neurohypophysis. The infun- 
dibular stem has a more complex blood supply. The lower 
infundibular stem is supplied by (1) the superior artery of the 
lower infundibular stem (branch of the trabecular artery), (2) 
the inferior artery of the lower infundibular stem (inferior 
hypophyseal arterial system), and (3) small branches from the 
anastomotic segment that connects the superior with the 
inferior hypophyseal arterial system. At the superior part of 
the infundibular stem, the superior hypophyseal arteries give 
rise to a superficial network of vessels (external plexus) [4, 
5] and the highly convoluted spiral capillary networks (referred 
to as “gomitoli” by Fumagalli [6] or “internal plexus” by Page 
and Bergland [4, 5]), which constitute the primary capillary 
bed of the pituitary portal system (Fig. 3). Their appearance 
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Fig. 2.—Graph of dynamic enhancement-time curve shows different 
enhancement patterns of various parts of pituitary gland. Signal intensity 
of different areas was measured by region-of-interest technique. Data from 
seven patients are averaged. Solid dots represent area of inferior portion 
of pars nervosa. Triangles represent area of upper portion of infundibular 
stem-median eminence. Open dots represent area of pituitary gland tissue 
immediately below lower infundibular stem. Squares represent area of pars 
distalis. 





Fig. 3.—Diagrams of vascular relationships of human pituitary gland 
(posterior view). At right, part of infundibular stem has been removed to 
show relationship of internal plexus to third ventricle and tanycytes. (Mod- 
ified from Bergland and Page [7].) 


suggests that they control the flow of blood into the sinusoids 
of the infundibular stem. Thus, they may affect the release of 
the hypothalamic hormones into the circulation and their 
transport to the adenohypophysis. 

Anterior lobe sinusoids constitute the second capillary bed. 
The vascular disposition obviously has functional significance. 
The primary capillary beds are the site of nerve endings of 
certain hypothalamopituitary tract units. These nerve endings 
release substances into the portal system that activate or 
suppress hormone secretion by secretory cells of the pars 
distalis (anterior lobe of the pituitary gland). The portal vessels 
probably have a topographic division and as a result cause 
certain regions of the median eminence to drain toward certain 
regions of the adenohypophysis [8]. 

Some of the veins draining the pars nervosa emerge at its 
posterolateral surface, where they form a prominent network 
lying largely within the dural covering. The pars distalis has 
more restricted venous drainage than does the pars nervosa, 
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and the blood clears more rapidly from the neurohypophysis 
than from the adjacent adenohypophysis [9]. 

The pituitary gland is known to be under neurosecretory 
control. Because of the smallness of the veins draining the 
anterior lobe of the pituitary gland and the high concentration 
of adenohypophyseal hormones in the portal blood, it has 
been suggested that retrograde flow may occur through some 
of the long portals to the median eminence and through the 
short portals to the posterior lobe [9]. 


Dynamic Imaging Studies of the Pituitary Gland 


Previous studies using dynamic contrast-enhanced CT im- 
aging techniques confirmed the hypothesized link between 
the vascular supply of the pituitary gland and demonstrated 
progressive contrast enhancement of the pituitary gland over 
time [10, 11]. 

Hemodynamic data from both CT and MR imaging correlate 
weil with regional vascular supply. In the present MR imaging 
study, the pituitary gland immediately beneath the infundibular 
stem began to enhance 28 sec after the beginning of the 
contrast injection, and optimal enhancement occurred after 
42-70 sec. However, the MR imaging data show that the 
pars distalis enhanced 42 sec after the beginning of injection 
and optimal enhancement occurred after 70 sec. The en- 
hancement of the pars distalis was seen slightly earlier on 
MR images than on CT scans; this discrepancy might be due 
to the difference in imaging plane and area of measurement. 

Contrast enhancement on MR images occurs in areas in 
which contrast material leaks into the intersitital spaces in the 
pituitary gland owing to a lack of an intact blood-brain barrier 
in the gland. The temporal distribution of the contrast agent 
correlates closely with the vascular anatomy. The contrast 
material flows first to the territory of the inferior hypophyseal 
artery, then to the territory of the superior hypophyseal artery. 
The pituitary tissue near the lower infundibular stem receives 
a dual supply. The contrast material reaches the pars distalis 
through the portal system, and thus this is the last area to 
enhance. 

The steady and slow decrease in contrast enhancement of 
the pars nervosa and the pituitary gland immediately below 
the lower infundibular stem at the junction of the anterior and 
posterior lobes of the pituitary gland correlates well with 
previous CT studies [10]. A few minutes after the bolus 
injection, the posterior lobe enhances to a lesser degree than 
does the anterior lobe noted on CT. Indeed, when contrast 
medium equilibrates between the intravascular and extravas- 
cular interstitial spaces, the posterior lobe is still enhanced to 
a lesser degree, correlating with the smaller interstitial space 
being filled by contrast material in the posterior lobe [4, 5]. 

The dynamic MR imaging studies performed by Miki et al. 
[12] and Sakamoto et al. [13] used spin-echo MR to acquire 
a better signal-to-noise ratio and to avoid the magnetic sus- 
ceptibility artifact from air in the adjacent sphenoidal sinus. 
About 26 sec was required to obtain an image. Data on the 
contrast enhancement pattern reported by Sakamoto et al. 
[13] were more descriptive and quantitative. On the sagittal 
MR images, at approximately 20 sec after injection of contrast 
medium, signal intensity increased rapidly in the posterior 
lobe, followed by enhancement of the anterior lobe adjacent 
to the junction with the infundibular stem at about 50 sec. 
The peripheral portion of the anterior pituitary lobe showed 


peak enhancement between 60 and 90 sec. The signal inten- 
sity of the gland became homogeneous after 90 sec. The 
infundibular stem showed early enhancement similar to that 
of the posterior pituitary lobe followed by gradually decreased 
signal intensity of the pituitary gland. The washout of contrast 
medium from the posterior lobe was slightly faster than that 
from the anterior lobe. The only significant discrepancy be- 
tween the data of Sakamoto et al. and those in this study is 
the time of enhancement of the pituitary gland below the 
infundibular stem. On the basis of the results of the current 
Study and the vascular anatomy, this area seems to enhance 
just slightly later than does the pars nervosa. However, 
because it took 26 sec to obtain each image in the study by 
Sakamoto et al., the enhancement of the gland below the 
infundibular stem would have appeared in the image after the 
enhancement of the pars nervosa, which is 26 sec earlier. 
This study found that the gradient-echo technique can achieve 
a reasonable signal-to-noise ratio and has a shorter imaging 
time. The magnetic susceptibility artifact from sinus air is 
more prominent on gradient-echo sequences, but sufficient 
information still can be obtained. 

In summary, dynamic enhanced MR imaging with the gra- 
dient-echo technique clearly shows the temporal sequence of 
contrast enhancement in various portions of the pituitary 
gland. This technique can obtain images faster than the spin- 
echo technique can. The time-dependent enhancement pat- 
terns of the pituitary gland correlate well with details of the 
regional vascular anatomy. The enhancement curves of dif- 
ferent portions of the pituitary gland may serve as a useful 
foundation for comparison with data obtained from dynamic 
MR imaging studies in patients with pituitary-hypothalamic 
ischemic syndromes. 
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Pictorial Essay 





MR Imaging of the Stellate Ganglion: Normal Appearance 


Quinn H. Hogan’ and Scott J. Erickson? 


The stellate ganglion has not previously been identified by 
imaging techniques. MR imaging shows the stellate ganglion at 
the thoracic inlet adjacent to the neck of the first rib, lateral to 
the longus colli muscle and posterior to the vertebral artery. 
Although its shape varies somewhat, it can be identified consist- 
ently in normal persons. 


The stellate ganglion is a bilateral structure formed by the 
fusion of the inferior cervical and first thoracic sympathetic 
ganglia. Because of the excellent soft-tissue contrast and 
possibility of direct multiplanar views provided by MR imaging, 
the normal stellate ganglion can be identified on MR images. 
Failure to properly identify the ganglion could lead to mistaken 
interpretation on MR images of the crowded and complex 
anatomy at the thoracic inlet. This essay illustrates the MR 
findings of the stellate ganglion and correlates them with 
anatomic sections. 


Subjects and Methods 


Nine volunteers were scanned with a Signa MR system (General 
Electric, Milwaukee, WI) operating at 1.5 T. An 8-cm planar coil was 
used as the receiver coil with the body coil serving as the transmitter. 
The coil was centered on the supraclavicular region 3 cm from the 
midline toward the side of interest. Axial and sagittal images were 
made at 3-mm intervals. T1-weighted, 500/20-30 (TR/TE), proton- 
density-weighted, 2000/20, and T2-weighted, 2000/80, sequences 
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were used. The pixel size was 0.8 x 0.6 mm, the field of view was 
16 cm, and the imaging matrix was 256 x 192. Superior/inferior and 
right/left presaturation and respiratory compensation techniques 
were used. 

Cryomicrotome sections were studied for anatomic detail (sledge 
microtome model 2250, PMV inc., Bromma, Sweden). Sections at 1- 
mm intervals of sequences in the axial, coronal, sagittal, and oblique 
planes were compared with MR images. Three-dimensional recon- 
structions [1] of the ganglia and adjacent structures were performed 
by using digitized data obtained from the photographed axial cry- 
omicrotome sections and software developed for this purpose (Skan- 
dha, © Department of Biologic Structures, University of Washington, 
Seattle, WA). 


Pathophysiology 


Virtually all the sympathetic innervation of the head, neck, 
and upper extremities is via pathways through the stellate 
ganglion. As well as being a site of physiologic integration, 
the stellate ganglion is implicated in a number of pathologic 
processes. Sympathetically maintained pain, including cau- 
salgia, reflex sympathetic dystrophy, and postherpetic neu- 
ralgia, is a neuropathic state perpetuated by excess sympa- 
thetic nervous system activity and is responsive to nerve 
blocks of the stellate ganglion [2]. Ventricular dysrhythmias, 
including long QT syndrome and sudden death from ventric- 
ular tachycardia and fibrillation, arise in part from an imbalance 
in stellate activity [3]. 
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Key to Abbreviations Used in Figures and Color Code 
for Figures 1, 3, and 4 


Abbreviations 


ANT anterior aspect 
AS anterior scalene muscle 
BP brachial plexus 
carotid artery 
cephalad aspect 
esophagus 
inferior thyroid artery 
jugular vein 
longus colli muscle 
lateral aspect 
; muscle 
MS middle scalene muscle 
R1 first rib 
S stellate ganglion 
SCM sternocleidomastoid muscle 
Ti first vertebral body 
TH thyroid 
va, VA vertebral artery 
vV vertebral vein 


Color Code 


red arteries 

blue veins 

green sympathetic chain 
lavender muscles 

white bones 

brown disks 

yellow brachial plexus and dura 








Anatomy 


The thoracic sympathetic chain lies in the paravertebral 
space flanking the vertebral bodies and running subpleurally 
closely apposed to the heads of the ribs (Fig. 1), with ganglia 
forming dilatations in the chain at most interspaces. The 
stellate ganglion is in continuity with the chain, although it is 
much larger than the more inferior ganglia. At dissection, it is 
typically 2.5 x 1.0 x 0.5 cm, flattened against the ribs and 
vertebrae, and elongate in the axis of the spine. The size and 
shape may vary greatly, and significant right-to-left asymme- 
try has been found in 25% of the population [4, 5]. 

The first thoracic and inferior cervical components of the 
stellate ganglion are typically fused but have been shown to 
be incompletely joined in about 16% of specimens [4, 5]. At 
its cephalad termination, the ganglion gives off variable 
strands that coalesce to form the cervical sympathetic chain 
and its ganglia. The vertebral artery travels between these 
strands (Figs. 2 and 3) and may be circumferentially en- 
wrapped by the sympathetic chain as it angles posteriorly to 
enter the vertebral foramina of the cervical transverse proc- 
esses. The sympathetic chain, as it passes cephalad, comes 
to lie anterior to the longus colli muscle, which resides in the 
concavity on the anterior surface of the cervical transverse 
processes (Fig. 4). Although the upper and middle cervical 
ganglia are constant structures, a variable number of addi- 
tional lesser ganglia may be present [4]. 


MR Appearance 


The stellate ganglion was identifiable in all nine subjects 
studied by MR. In three, identification required careful com- 
parison of axial and sagittal images, correlating the coordi- 


Vertebral 


Brachial 
plexus 


Fig. 1.—Computer-generated three- Fig. 2.—A, Photograph of dissected specimen shows right stellate ganglion in situ retracted anteriorly by 
dimensional axial image reconstructed a forceps. First rib has been transected and lateral portion removed. 
from cryomicrotome data shows right B, Drawing shows structures seen in A. 


thoracic outlet as viewed from within 
chest, looking cephalad and anterior. 
Clavicle and first through third ribs are 
shown. Sympathetic chain is green, 
showing small second thoracic ganglion 
at second rib and much larger stellate 
ganglion at head of first rib. See key for 
color code and abbreviations. 
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Fig. 3.—Computer-generated three-dimensional 
image seen from a more lateral perspective than Fig. 
1, with clavicle and vessels removed except vertebral 
artery. Stellate ganglion is between vertebral artery 
and longus colli muscle. See key for color code and 
abbreviations. 


Fig. 4.—Computer-generated three-dimensional 
image from a superior and lateral perspective. Lung 
(orange brown) is lateral and inferior to stellate gan- 
glion. Cervical sympathetic chain lies anterior to lon- 
gus colli muscle. See key for color code and 
abbreviations. 


Fig. 5.—A-D, Successive axial T1-weighted MR 
images obtained at 3-mm intervals in a 32-year-old 
man show sequential appearance of stellate ganglion 
(arrows). Ganglion is clearly apparent in images B and 
C, but tapers to a less obvious structure in A and D. 
See key for abbreviations. 


nates of structures seen in the different sections. The stellate 
ganglion is surrounded by fat, so it contrasts well with sur- 
rounding structures, particularly on T1-weighted images. Both 
sides are identifiable when a unilateral surface coil is used, 
although detail is best seen on the side of the coil. The ganglia 
have a medium-level signal intensity characteristic of periph- 





eral nerves, slightly hypointense in relation to muscle. Conti- 
nuity with the sympathetic chain proximal and distal to the 
ganglia is difficult to observe because of the small diameter 
of the chain (Fig. 5). 

With MR imaging, the stellate ganglion can be identified 
most easily by considering its relationship to the head of the 
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Fig. 6.—Sagittal cryomicrotome section Fig. 7.—Sagittal T1-weighted MR image of Fig. 8.—Sagittal T1-weighted MR image of 25- 
through stellate ganglion shows proximity of gan- 42-year-old woman shows triangular stellate year-old woman shows stellate ganglion (arrow) 
glion to vertebral artery and head of first rib. ganglion (arrow) reaching cephalad beyond extending caudad to middle of second rib. Verte- 
Eighth cervical nerve (8) and first thoracic nerve first rib (R1). bral artery is closely apposed to ganglion. See 
(1) contribute to brachial plexus, and therefore key for abbreviations. 


are much larger than second thoracic nerve (2). 
See key for abbreviations. 


Fig. 9.—Sagittal T1-weighted MR image of a tall- 
for-weight 32-year-old man shows stellate ganglion 
(arrow) close to lung apex. R1 = first rib. 













Fig. 10.—Sagittal T1-weighted MR image of 38- 
year-old man shows a nearly circular stellate ganglion 
(black arrow). Eighth cervical (curved arrow), first 
thoracic (long straight white arrow), and second tho- 
racic (short straight white arrow) segmental nerves 
are seen. See key for abbreviations. 


JLUNG“ 

Fig. 11.—Axial cryomicrotome section Fig. 12.—Axial T1-weighted MR image of 38- Fig. 13.—Axial T1-weighted MR image of 42- 
through stellate ganglion and surrounding struc- year-old man shows stellate ganglion (arrow) at year-old woman shows stellate ganglion (arrow) 
tures shows ganglion is adjacent to longus colli lateral margin of longus colli muscle. See key for and a substantial longus colli muscle. See key 
muscle and vertebral artery. Border between abbreviations. for abbreviations. 


vertebral artery and vein is indistinct in this 
section. See key for abbreviations. 
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first rib, the vertebral artery, and the longus colli muscle. We 
find the ganglion to be consistently at or somewhat caudad 
to the head of the first rib, as is best seen on T1-weighted 
sagittal images (Figs. 6-10). This position is more caudad 
than commonly reported from dissections and may be due to 
artifact and displacement introduced during dissection. The 
ganglion is consistently lateral and posterior to the lateral 
edge of the longus colli muscle on axial images at the first 
thoracic vertebral level (Figs. 11-13). The ganglion also lies 
immediately posterior or medial to the vertebral artery. 

On MR images, the appearance of the stellate ganglion is 
fusiform, triangular, or globular, with no evidence of the 
multiple branches that give the ganglion its name. The reso- 
lution of MR imaging also may have limited our ability to 
identify any lobulation of the ganglion or any more cephalad 
sympathetic ganglia. We find that the ganglion is smaller than 
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previously reported on the basis of dissections, with a maxi- 
mai cephalocaudad dimension of just over 1 cm. 
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Scot I. Rowe, 1958-1991 


it is with profound sorrow that ! report the 
death in September 1991 of Scot Rowe. Scot 
was born in Harbor City, CA, August 3, 1958. 
He attended Brown University, graduating in 
1980, and the University of California, Los 
Angeles (UCLA), Medical School, graduating 
in 1984. After 2 years of general surgery 
residency at Harbor-UCLA Hospital, he com- 
pleted a residency in diagnostic radiology at 
Los Angeles County Hospital/University of 
Southern California (USC) in June 1990 and 
was certified by the American Board of Ra- 
diology. During residency training, he distin- 
guished himself by his enthusiasm, energy, 
sense of humor, and phenomenal memory 


for medical facts. His charm and engaging 
personality made him a favorite with the fac- 
ulty and staff at USC. He also had a flair for 
teaching and a strong interest in research, 
starting several projects during his training. 

His fellowship in pediatric and interven- 
tional radiology at Childrens Hospital Los An- 
geles was marked by these same outstand- 
ing characteristics, and staff members were 
enthusiastic about his acceptance of a ra- 
diology faculty position there, with special 
emphasis on interventional pediatric radiol- 
ogy. It is tragic that he was never to realize 
his career goal. 

Outside medicine, Scot was an enthusias- 


Memorial 





tic athlete who loved and excelled at water 
sports. His other hobbies included a collec- 
tion of tropical fish and reading. He was a 
true connoisseur of the restaurants of South- 
ern California and served as a critical and 
accurate reference in this capacity. 

With his death, after a brief and devastat- 
ing illness, the radiology faculty at Childrens 
Hospital Los Angeles, and USC join his family 
and friends in grieving a brilliant and enor- 
mously promising life that was sadly abbre- 
viated. 


Beverly P. Wood 
Los Angeles, CA 90027 
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Case Report 





MR Appearance of Osteogenic Sarcoma of the Calvaria 


Jeffrey K. Shramek,’ E. George Kassner,” and Scott S. White? 


Primary osteogenic sarcoma of the caivaria is rare, partic- 
ularly in children. Although the appearance of these lesions 
on CT has been described [1-3], we are not aware of any 
published reports describing the findings on MR imaging. We 
describe a case of primary calvarial osteogenic sarcoma, 
compare the CT and MR imaging findings, and discuss the 
role of MR imaging in pre- and postoperative management. 


Case Report 


An 8-year-old boy had a 10-week history of a rapidly growing, 
painless left occipitoparietal mass. His mother had first noted the 
mass 8 weeks earlier, 2 weeks after he had sustained a fall in which 
the left occipital region had struck the pavement. At this time the 
mass measured 2 x 2 cm and was firm. During the next 5 weeks, 
the mass enlarged dramatically, during which time the child experi- 
enced nausea, vomiting, bitemporal pulsatile headaches, and diplopia. 
The left eye was noted to deviate nasally. Physical examination 
revealed a firm, nontender, nonpulsatile, mass measuring 7 X 7 cm. 
Fundoscopic examination revealed bilateral papilledema with flame 
hemorrhages. 

A gallium scintigram showed a discrete area of intense uptake in 
the left occipital region (Fig. 1A). An unenhanced CT scan (Fig. 1B) 
(10-mm slices) showed a heavily calcified left occipitoparietal mass 
with extra- and intracranial components; the latter appeared to be 
entirely extraaxial. There was significant mass effect with compres- 
sion of the parenchyma, effacement of the left lateral ventricie, and a 
midline shift. The mass extended infratentorially. Bone windows 
revealed thinning of the calvaria in the region of the mass. 

MR imaging was done on a Siemens 1.0-T Magneton imager to 
characterize the lesion further and to exclude involvement of the left 
transverse sinus. Contiguous 10-mm axial T1-weighted (2500/25[TR/ 
TE}) spin-echo images, axial T2-weighted images (2500/90), coronal 
T2-weighted images (2500/90), and sagittal T1-weighted images 
(650/20) were obtained. These images showed a well-circumscribed 
extraaxial mass that measured 3 cm in greatest dimension, with both 
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intra- and extracranial components (Fig. 1C). Much of the soft-tissue 
component of the lesion was isointense with brain on both T1- and 
T2-weighted images; however, some peripheral portions exhibited 
increased signal on both T1- and T2-weighted images, suggestive of 
acute hemorrhage. There was marked mass effect, manifested by 
cortical buckling of the underlying cerebrum and cerebellurn and 
displacement and partial effacement of the lateral ventricles. Coronal 
images showed compression of the left transverse sinus, A thin, linear 
signal void separated the mass from the adjacent brain. The normal 
calvarial signal void was disrupted at several points. Numerous linear 
and branching areas of signal void, believed to represent blood 
vessels, were present throughout the mass. Other areas of signal 
void believed to represent calcification also were seen. 

The tumor was resected en bloc and submitted to the Memorial 
Sloan-Kettering Cancer Institute (MSKCI) for pathologic studies. 
Grossly, the lesion was highly vascular with a gritty, osseous texture. 
Microscopic examination revealed osteoblastic osteogenic sarcoma. 
At MSKCI, the patient had tumor resection again and chemotherapy 
with high-dose methotrexate, cytoxan, bleomycin, vincristine, anc 
cis-piatinum followed by heavy particle irradiation at the Dana Farber 
Cancer Institute. At 16 months follow-up no evidence of intracranial 
tumor or local recurrence was seen; however, lung metastases were 
detected. 


Discussion 


Osteogenic sarcoma is the most common primary malig- 
nant bone neoplasm in children and young adults, with 75% 
of all patients presenting between the ages of 10 and 25. it 
is very uncommon in children less than 6 years old [4]. 
Osteogenic sarcoma typically involves long bones, particularly 
the distal femur and proximal tibia, with a predilection for the 
metaphyses. Primary craniofacial osteogenic sarcoma ac- 
counts for only 2-9% of cases in published series [3, 4]. Most 
of these lesions arise in the maxilla and mandible. in a series 
of 32 patients with primary craniofacial osteogenic sarcoma, 
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Fig. 1.—8-year-old boy with 10-week history of occipitoparietal mass. 
A, Gallium scintigram shows intense uptake in left occipital region. 





B, Unenhanced CT scan shows a heavily calcified extraaxial mass producing a marked mass effect on underlying brain parenchyma. 
C, Axial T2-weighted (2500/90) MR image shows an extraaxial lesion that is largely isointense with brain. Peripheral area of high signal is compatible 
with subacute hemorrhage (arrowhead). Dura (arrow) appears as a thin signal void between lesion and brain (confirmed pathologically). 


only eight (25%) arose from the cranial bones [5]. Primary 
osteogenic sarcoma of the calvaria is rare; of the more than 
1200 cases of osteogenic sarcoma reviewed at MSKCI, only 
13 (1%) were of calvarial origin [3]. The mean age of onset of 
secondary calvarial osteogenic sarcoma is 48 years compared 
with 26 years for primary calvarial osteogenic sarcoma [3]. 
Most appendicular lesions (70-80%) occur in patients be- 
tween 10 and 30 years old [1]. 

Paget disease and previous irradiation [1, 3, 4] are the two 
most important predisposing conditions for osteogenic sar- 
coma. Other preexisting factors, such as fibrous dysplasia [3] 
and chronic osteomyelitis [6], have been reported. 

The clinical manifestations of craniofacial osteogenic sar- 
coma vary with the location, rate of tumor growth, and size 
of the lesion. Whereas patients with lesions of the mandible 
usually have a painful mass, those with calvarial lesions 
typically have a slowly enlarging, painless mass. In the MSKCI 
series, 15 (79%) of 19 patients had a painless mass, whereas 
only three (16%) of 19 had neurologic symptoms [3]. 

The radiologic features of calvarial osteogenic sarcoma are 
similar to those of osteogenic sarcoma of the appendicular 
skeleton, namely, bone destruction, wide transition zone, 
mineralization of the tumor matrix, periosteal reaction, and 
soft-tissue extension (with or without calcification). Osteolytic 
lesions are slightly more common than blastic or mixed ones. 
These features are clearly seen on both plain films and CT. 
Most patients have locally invasive disease. In one series, 
only five (36%) of 14 tumors could be resected entirely [7]. 

The radiologic differential diagnosis includes chronic infec- 
tion (especially tuberculosis), chondrosarcoma, parosteal os- 
teogenic sarcoma, organizing scalp hematoma, fibrous dys- 
plasia, hemangioma, and giant osteoma. Chondrosarcoma 
tends to be less aggressive than osteogenic sarcoma. Paros- 
teal osteogenic sarcoma of calvarial origin almost always 
arises from the pericranial or outer calvarial surface and does 
not extend intracranially unless dedifferentiated. It is usually 
more densely ossified centrally and exhibits a variable degree 
of mineralization peripherally [8]. 

The optimal treatment for calvarial osteogenic sarcoma 
remains to be established. In addition to surgical resection, 


various combinations of chemotherapy and radiation therapy 
have been used. Patients with secondary osteogenic sarcoma 
(e.g., after Paget disease) have the worst prognosis, whereas 
those with de novo tumors have much better survival rates 
[3]. 

The CT and MR imaging findings in our patient were 
complementary. By showing matrix calcification (on CT) and 
large vascular channels (on MR imaging), the combined CT/ 
MR study strongly argues for the diagnosis of hypervascular 
osteogenic sarcoma (osteoblastic type). This information was 
very helpful in planning the surgical approach, because most 
neurosurgeons believe that highly vascular calvarial lesions 
are best treated by en bloc resection after directed incisional 
or open biopsy [7]. Although MR imaging did not show the 
extent of the calcification as precisely as CT did, it depicted 
the soft-tissue component of the tumor more clearly. Addi- 
tionally, while contrast-enhanced CT might have shown 
compression of the transverse sinus, MR imaging (with its 
multiplanar capability) would be expected to show it more 
clearly. To exclude subtle transverse sinus invasion in our 
case, cerebral angiography might have been performed. 
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Technical Note 





Monitoring Heart Rate and Oxygen Saturation with a 
Fiber-optic Pulse Oximeter During MR Imaging 


Frank G. Shellock,’? Stacy M. Myers,’ and Keith J. Kimble? 


Physiologic monitoring during MR imaging is necessary to 
ensure the safety of patients who are sedated, anesthetized, 
or unstable [1, 2]. Commercially available, modified pulse 
oximeters have been used, with moderate success, to deter- 
mine the heart rate and oxygen saturation of sedated and 
anesthetized patients during MR imaging [1, 2]. These pulse 
oximeters tend to work intermittently during MR imaging 
because of interference from the gradient and RF electromag- 
netic fields. In certain instances, patients have been burned, 
presumably as a result of excessive current being induced in 
inappropriately looped conductive cables attached to the 
probes of the pulse oximeters [3]. Because assessment of 
heart rate and oxygen saturation is particularly desirable in 
some patients [1, 2, 4, 5], it is imperative that the equipment 
used to monitor these parameters during MR be safe and 
reliable. Therefore, we evaluated a newly developed, light- 
weight, portable pulse oximeter for use on patients during 
MR imaging. This device specifically incorporates fiber-optic 
technology designed to eliminate the possibility of any ad- 
verse interaction with the MR imager. 


Materials and Methods 


Initially, we evaluated the fiber-optic pulse oximeter (Nonin Medical 
inc., Plymouth, MN) to determine if it produced any artifacts during 
operation. We used a 1.5-T/64-MHz MR imager (General Electric 
Co., Milwaukee, WI) and a fluid-filled Plexiglas phantom. The body 
coil of the imager was used to send and receive. The pulse oximeter's 
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probe was attached to the perimeter of the phantom, and 11- 
weighted (600/20/2 [TR/TE/excitations]}}, T2-weighted (2200/80/2), 
and proton density-weighted (2200/20/2) images were obtained in 
the axial, sagittal, and coronal planes. A 24-cm field of view, 5-mim 
slice thickness, and a 256 x 256 matrix were used for all images. 

Next, five volunteers (contro! subjects) had MR imaging of the 
brain (n = 3) or knees (n = 2) with the pulse oximeter probe attached 
to either the fingers {n = 3) or the great toes (n = 2). The previously 
indicated MR imaging parameters were used for this portion of the 
evaluation. 

Finally, 24 patients (age range, 12 days to 76 years; 10 males, 14 
females) who were either sedated or anesthetized were monitored 
throughout the MR examination by using the fiber-optic pulse ox- 
imeter. The following body parts were imaged: 13 brains, one cervical 
spine, three abdomens, four chests, four lumbar spines, two thoracic 
spines, and one orbit. Pulse sequences used for these examinations 
included T1-weighted, proton density~weighted, T2-weighted, gra- 
dient-recalled acquisition in the steady state (GRASS), spoiled 
GRASS, ultrafast spoiled GRASS, and fast spin-echo pulse se- 
quences. Various combinations of send/receive head and extremity 
local coils as well as receive-only local coils were used for these 
studies. 

The fiber-optic pulse oximeter was observed continuously to de- 
termine if it operated properly during MR imaging. All images were 
inspected by experienced radiologists to determine if any pulse 
oximeter—related artifacts were present. (Because this pulse oximeter 
contains ferromagnetic components, it was securely positioned at 
least 10 ft [3 m] from the opening of the bore of the 1.5-T MR 
imager.) 
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Results 


Although the fiber-optic pulse oximeter was not used to 
record heart rate or oxygen saturation during evaluation of 
the phantom, it did not appear to be affected by the operation 
of the MR imager, insofar as no random alterations were seen 
in the digital display. No imaging artifacts were produced by 
the presence of the pulse oximeter’s probe or by the operation 
of the monitor. 

The pulse oximeter operated properly during each MR 
examination of control subjects. The measured heart rate 
was compared with that recorded by using a pulse plethys- 
mograph, and there was agreement to within +1 beats per 
minute (SD). Oxygen saturation values recorded during MR 
were within normal limits for these subjects. No artifacts were 
identified on the MR images. 

The pulse oximeter apparently recorded appropriate heart 
rate and oxygen saturation values for each sedated or anes- 
thetized patient, although these parameters were not simul- 
taneously measured by using another means during this 
portion of the evaluation. No pulse oximeter-related imaging 
artifacts were seen on any of the MR studies. 

We saw no evidence that the fiber-optic pulse oximeter 
produced any unwanted “noise” during any part of any of the 
evaluations (phantoms, controls, patients). 


Discussion 


Currently, a variety of MR-compatible monitors are com- 
mercially available for recording various physiologic parame- 
ters, including heart rate, blood pressure, respiratory rate, 
end-tidal carbon dioxide, oxygen saturation, cutaneous blood 
flow, and temperature [1, 2]. Each of these devices was either 
specially designed or specifically modified for use during MR 
imaging. 

A primary source of adverse interactions between the 
imager and the monitor (e.g., artifacts, burns) has been the 
interface used between the patient and the monitoring equip- 
ment, because this usually requires a conductive cable or 
other device [1, 2]. Special shielding is often used for the 
cables and leads of monitors within the MR environment, with 
acceptable results [1, 5]. However, the presence of a con- 
ductive material in the immediate area of the MR imager 
remains a safety concern because of the potential for monitor- 
related burns [3]. 

it has been shown that fiber-optic technology used to obtain 
and transmit physiologic signals from patients having an MR 
examination does not produce any MR-related electromag- 
netic interference [1, 2, 6-8]. Therefore, a fiber-optic pulse 
oximeter was designed with the intent that it be unperturbed 
by electromagnetic fields and that it effectively eliminate the 
possibility of monitor-related burns during MR imaging (i.e., 
no metallic, conductive materials are used for the patient- 
monitor interface). It is physically impossible for a patient to 
be burned by this fiber-optic pulse oximeter during MR im- 
aging because no conductive pathways are formed by any 
metallic materials. 
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Our results indicate that this fiber-optic pulse oximeter 
functioned satisfactorily during MR imaging when a 1.5-T/ 
64-MHz MR imager and a variety of conventional as well as 
more sophisticated pulse sequences were used. The 1.5-T/ 
64-MHz MR imagers are the most widely used MR systems; 
therefore, this pulse oximeter is compatible with most ima- 
gers. However, it remains for this fiber-optic pulse oximeter 
to be tested during the operation of lower field strength/ 
frequency MR imagers to determine its compatibility with 
these other MR systems. 

No interruptions occurred during the operation of the fiber- 
optic pulse oximeter: Heart rate and oxygen saturation were 
appropriately measured, and the pulse oximeter did not pro- 
duce any imaging artifacts during simulated or actual MR 
imaging procedures. More important, the use of fiber optics 
prevents the risk of pulse oximeter—related burns in patients 
undergoing an MR examination. 

Although this pulse oximeter is considered to be MR com- 
patible, because no adverse interactions occur between the 
imager and the monitor (i.e., no imaging artifacts are pro- 
duced, the monitor operates properly during MR imaging, and 
so on), the pulse oximeter does contain ferromagnetic com- 
ponents. Therefore, the fiber-optic monitor should not be 
moved closer than 10 ft from the bore of a 1.5-T MR imager, 
it should be properly labeled, and it should be firmly anchored 
in place to prevent it from becoming a potential “missile” [1, 
5]. 

Currently, to our knowledge only one other fiber-optic pulse 
oximeter is commercially available (In Vivo, Inc., Broken Ar- 
row, OK). However, this is not a stand-alone unit, as the 
device we evaluated is, and it requires extensive installation 
before it can be used in the MR suite. For this reason, the 
fiber-optic pulse oximeter we tested is more convenient, 
especially at sites with more than one MR imager, because it 
is lightweight and portable. In addition, this device is substan- 
tially less expensive. 


REFERENCES 


1. Shellock FG. Monitoring during MRI: an evaluation of the effect of high- 
field MRI on various patient monitors. Med Electronics September 
1986: 93--97 
2. Holshouser BA, Hinshaw DB, Shellock FG. Sedation, anesthesia, and 
physiological monitoring during MRI. in: ARAS Syllabus. Reston, VA: 
American Roentgen Ray Society, 1991:9~15 
3. Shellock FG, Slimp G. Severe burn of the finger caused by using a pulse 
oximeter during MR imaging (letter). AJA 1989;153:1105 
4. Standards for basic intraoperative monitoring. In: Directory of members, 
55th ed. Park Ridge, iL: American Society of Anesthesiologists, 1990: 
640-641 

. Cohen MD. Pediatric sedation. Radiology 1990;175:611-612 

. Shellock FG, Schaefer DJ, Crues JV. Alterations in body and skin temper- 
atures caused by MR imaging: is the recommended exposure for radiofre- 
quency radiation too conservative? Br J Radiol 1989;62:904-909 

7. Roos CF, Carrol FE. Fiber-optic pressure transducer for use near MR 
magnetic fields. Radiology 1985;156:548 

8. Legendre JP, Misner R, Forester GV, Geoffrion Y. A simple fiber-optic 
monitor of cardiac and respiratory activity for biomedical magnetic reso- 
nance applications. Magn Reson Med 1986;3:953~957 


ao mo 


Michael E. Bernardino’ 
Elliot K. Fishman? 

R. Brooke Jeffrey, Jr.’ 
Paul C. Brown‘ 


Received August 23, 1991; accepted after revi- 
sion November 5, 1991. 


This work was supported by a research grant 
from Winthrop Pharmaceuticals, New York, NY. 


‘Department of Radiology, Emory University 
School of Medicine, 1364 Clifton Rd., N.E., Atlanta, 
GA 30322. Address reprint requests to M. E. Ber- 
nardino. 


? Department of Radiology, Johns Hopkins Med- 
ical Institutions, Baltimore, MD 21205. 


* Department of Radiology, Stanford University 
Hospital, Stanford, CA 94305. 

“Medical Department, Winthrop Pharmaceuti- 
cals, New York, NY 10016. 


0361-803X/92/1583-0665 
© American Roentgen Ray Society 


665 


Comparison of lohexol 300 and 
Diatrizoate Meglumine 60 for Body 
CT: Image Quality, Adverse Reactions, 
and Aborted/Repeated Examinations 





Six hundred patients were prospectively randomized and given either diatrizoate 
meglumine 60 or iohexol 300 during dynamic contrast-enhanced body CT in order to 
compare image quality, contrast reactions, and the number of aborted studies or studies 
in which images had to be repeated. Three hundred two patients received iohexol 300, 
and 298 patients received diatrizoate meglumine 60. Thirty-nine percent (119/362) of 
the patients given iohexol 300 and 63% (188/298) of the patients given diatrizoate 
meglumine 60 had at least one adverse reaction thought to be related to contrast 
material during, or within 24 hr of, the body CT scan. When reactions of discomfort (heat 
or warmth, flushing, bad taste) were excluded, 16% (48/302) of the patients who received 
iohexol and 33% (99/298) of the patients who were given diatrizoate meglumine 60 had 
at least one adverse reaction. The differences in both types of reactions between the 
two agents were significant (p < .001). Among scans evaluated for study quality, 71% 
(214/302) of the iohexo! 300 group and 62% (184/298) of the diatrizoate meglumine 66 
group had optimal enhancement (p = .02). However, when the optimal and adequate 
categories were combined, 301 of 302 patients given iohexol 300 and 292 of 296 patients 
given diatrizoate meglumine 60 had diagnostic-quality studies (no statistical difference}. 
Studies were not terminated nor were images repeated in 97% (292/302) of the patients 
given iohexoil 300 and in 94% (280/298) of those given diatrizoate meglumine 60. The 
CT study was repeated because of movement during the contrast injection or aborted 
because of contrast-related reactions in 0.7% of the patients given iohexol 300 and in 
3.0% of the patients given diatrizoate meglumine 60. This difference was statistically 
significant (p = .04). 

Our results suggest that the difference in image quality, number of adverse reactions, 
and number of aborted/repeated CT scans performed with iohexol 300 or diatrizoate 
meglumine 60 are not sufficiently different to warrant conversion to nonionic agents for 
body CT scans. 
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Use of nonionic iodinated contrast material for all types of contrast-enhanced 
radiologic procedures is slowly increasing. However, many radiologists are reluctant 
to use nonionic contrast material for contrast-enhanced CT [1]. This is because 
enhancement with ionic contrast materials is satisfactory and the agents are much 
less expensive than the nonionic agents [2]. Earlier studies have shown that 
nonionic contrast agents cause fewer adverse reactions [3-8]. However, those 
studies did not attempt to determine how often the reactions were significant 
enough to require the CT examination to be aborted or repeated. Accordingly, we 
performed a study to compare how often CT scans obtained with a nonionic agent, 
iohexol 300, had to be terminated prematurely or repeated because of adverse 
reactions to the contrast material and compared the results with CT scans per- 
formed with diatrizoate meglumine 60. Also, scans obtained with the two contrast 
agents were compared for overall image quality. 
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Subjects and Materials 


A prospective, randomized, double-blind study was designed to 
compare the prevalence of adverse reactions in 600 patients having 
bolus-enhanced dynamic chest and abdominal CT with either iohexol 
300 or diatrizoate meglumine 60. Three centers participated in the 
study. Patients were 18 years old or older and had symptoms 
warranting the CT examination. All patients signed an informed 
consent document for the CT examination and for the IV administra- 
tion of contrast material before being entered into the study. Subjects 
were excluded as follows: (1) patients with known or suspected 
hypersensitivity to iodinated contrast material, (2) pregnant or lactat- 
ing women, (3) patients in the trauma or intensive care unit, (4) 
patients who had received iodinated contrast medium within the 
preceding 48 hr, (5) patients known or suspected to have hyperthy- 
roidism, (6) patients with severe renal impairment, and (7) patients 
known to have multiple myeloma. 

The 600 patients were randomly assigned to receive either iohexol 
300 or diatrizoate meglumine 60 for the CT examinations. Three 
hundred two patients were in the iohexol 300 group and 298 patients 
were in the diatrizoate meglumine 60 group. This randomization was 
performed by one person at each center who also filled the contrast 
injector. Only that person knew which contrast medium was admin- 
istered. Each patient received a maximum of 150 mi of contrast 
medium (iohexoi 300 group mean = 132 mi, range = 60-150 ml; 
diatrizoate meglumine 60 group mean = 132 mi, range = 2-150 mi) 
by a CT power injector in a dynamic mode at a controlied rate of 2 
mi/sec. The number of scans per minute was determined by the type 
of CT scanner at each institution. However, no fewer than eight and 
no more than 12 slices were obtained per minute. Patients having 
abdominal CT scans received 750-900 mi of a 30% Hypaque solution 
(Winthrop Pharmaceuticals, New York) orally, 1-2 hr before the 
examination, and 250 mi was given on the CT table. The adequacy 
of the contrast enhancement was subjectively evaluated by one 
individual at each site. Each scan was graded as having no contrast 
enhancement or having inadequate, adequate, or optimal contrast 
enhancement for diagnosis. Also, each CT study was categorized as 
successful, in need of repetition, aborted, or other (technical difficul- 
ties). 

Each patient was interviewed immediately after the procedure and 
24 hr later. If the procedure was done on an out-patient basis, 
telephone contact was made 24 hr after the CT scan. Interviews 
were conducted by eliciting spontaneous patient response to stand- 
ard questions, which were recorded by one person at each institution 
who was unaware of which contrast agent the patient had received. 
Adverse reactions included nausea, vomiting, abdominal pain, diar- 
rhea, bad taste, pain at injection site, flushing, itching, rash, hives, 
bronchospasm, anaphylaxis, palpitations, chest pain, hypertension, 
hypotension, fever, headache, and various other adverse reactions. 
if an adverse reaction was observed or elicited on follow-up contact, 
the adverse reaction was followed to its resolution. Twenty-four hours 
of follow-up was required for the patient to be included in this study. 

One hundred fifty-seven males received iohexol 300, and 166 
received diatrizoate meglumine 60. One hundred forty-five females 
received iohexol 300, and 132 received diatrizoate meglumine 60. 
The mean age of the iohexol 300 group was 54.2; for the diatrizoate 
meglumine 60 patients, mean age was 54.4. Seventy-nine of the 
patients receiving iohexol and 78 patients receiving diatrizoate meg- 
lumine 60 had a history of allergies unrelated to iodinated contrast 
material. 


Results 


In the group of patients given iohexol 300, the CT scans 
were initially completed in 97% (292/302). In two of these 
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302 patients, images had to be repeated because of heat 
sensation. None of the examinations were aborted because 
of contrast-related reactions. In the group of patients given 
diatrizoate meglumine 60, 94% (280/298) of the studies were 
completed on the initial examination. Imaging had to be re- 
peated in 2% (6/298) of patients. In addition, 1% (3/298) of 
patients had the examination aborted because of a contrast- 
related adverse reaction, such as heat sensation, flushing, 
urticaria, coughing, sneezing, nausea, and vomiting. The num- 
ber of patients in whom imaging was repeated and the number 
of aborted studies in the group of patients given diatrizoate 
meglumine 60 were not statistically different from those in the 
iohexol 300 group. However, when the group of patients who 
required repeated imaging and the group in whom examina- 
tions were aborted are combined, the prevalence of unsuc- 
cessful studies is 0.7% (2/302) of the patients receiving 
iohexol 300 and 3% (9/298) of the patients receiving diatri- 
zoate meglumine 60. These rates, although small, represent 
a Statistically significant difference (p = .04). 

Among scans evaluated for study quality, 71% (214/302) 
of the patients given iohexol 300 had scans with optimal 
enhancement for making a radiologic diagnosis. This is com- 
pared with 62% (184/298) of the patients receiving diatrizoate 
meglumine 60. This difference is statistically significant (p = 
.02). However, when both optimal and adequate categories 
are combined as representing diagnostic studies, 301 of 302 
patients given iohexol 300 and 292 of 298 patients given 
diatrizoate meglumine 60 had diagnostic-quality studies (no 
Statistical difference). 

At least one adverse event related to contrast medium was 
noted in 39% (119/302) of the patients given iohexol 300 and 
in 63% (188/298) of the patients given diatrizoate meglumine 
60. This difference was statistically significant {p < .001), and 
was not related to the amount of contrast received. Moreover, 
we found that 17 patients given iohexol 300 and 25 patients 
given diatrizoate meglumine 60 had reactions between 2 and 
24 hr after contrast administration. When the three most 
common discomfort reactions (heat or warmth sensation, 
flushing, and bad taste in mouth) were excluded, 16% (48/ 
302) of the patients given iohexol 300 and 33% (99/298) of 
the patients given diatrizoate meglumine 60 experienced at 
least one adverse reaction related to contrast medium (p < 
001). 


Discussion 


All the previous investigations comparing ionic and nonionic 
contrast agents have focused on adverse reactions or con- 
trast enhancement [9-13]. No previous studies to our knowl- 
edge have been performed to determine whether the lower 
rate of adverse reactions affects the number of studies re- 
peated or aborted because of adverse reactions related to 
contrast material during dynamic body CT examinations. If 
the use of nonionic agents allowed scans to be performed 
with fewer slices repeated or fewer studies aborted, they 
would be significantly advantageous over ionic agents. The 
advantage should evoive into more patients being scanned 
adequately during any unit of time. In this particular study, an 
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aborted examination or an examination that required repeated 
images was thought to increase total patient scanning time 
because the slices had to be repeated or the patient had to 
be rescanned at another time. Our study shows no statistically 
significant difference in the number of CT scans that had to 
be aborted because of a contrast-agent reaction in the pa- 
tients receiving ionexol 300 or diatrizoate meglumine 60. 
However, when the aborted and repeated examinations are 
combined, there is a small statistical difference {p = .04). 
Although total scanning time was not evaluated, it is unlikely 
that the smal! statistical difference in aborted and repeated 
slices caused a difference in study time significant enough to 
warrant conversion of body CT examinations from ionic to 
nonionic contrast agents on this basis alone. 

The number of scans judged to be optimal or adequate in 
quality by the three observers was slightly greater in the 
iohexol 300 group than the diatrizoate meglumine 60 group, 
but the difference was not statistically different. While our 
findings confirm previously published data [11-13], this slight 
increase in quality does not necessarily mean that there is an 
increase in sensitivity when the nonionic contrast agent is 
used. Also, the minimal difference in image quality cannot 
justify conversion from ionic to nonionic agents, if both types 
of studies are diagnostically adequate. 

The difference in adverse reactions between the two agents 
observed in our study, although slightly greater than that 
reported in earlier studies, is in agreement with previous 
reports. The number of adverse reactions is probably greater 
for both agents in our study because of the more rigorous 
methods used to elicit a contrast-reaction response immedi- 
ately after scanning and 24 hr later. Also, in this study, the 
greater prevalence of reactions with diatrizoate meglumine 
60 did not translate into scans of significantly poorer quality. 
This should be expected, because there was such a small 
difference in repeated and/or aborted examinations between 
the two groups. However, the narrow focus and design of 
our study limits a more appropriate evaluation of whether to 
convert from ionic to nonionic contrast agents on the basis 
of contrast reactions. For example, while patients tolerate 
nonionic agents significantly better than they do ionic agents, 
the cost of these agents should also be considered. These 
topics have been, and continue to be, debated. Thus, it is not 
possible to analyze the adverse reaction data of this paper in 
a straightforward and simple manner. 
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This study corroborates the previously noted differences in 
patient reactions and image quality between nonionic and 
ionic contrast agents. It demonstrates a small but statistically 
significant difference in aborted and repeated CT studies 
between the two groups. However, it is unlikely that this small 
Statistical difference warrants conversion from ionic to non- 
ionic contrast agents for body CT scans. Nor is it likely that 
the difference in image quality between the agents warrants 
such conversion. However, the contrast-reaction rate differ- 
ence continues to raise the issue of patient tolerance vs agent 
cost. 
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Book Review 





Geriatric Radiology. Edited by Manuel Viamonte, Jr. Baltimore: Williams & Wilkins, 228 pp., 1991. $65 


A group of distinguished authors has reviewed some of the most 
important aspects of the radiologic examination of elderly patients. 
Chapters address arthropathy; osteoporosis; chest and respiratory 
illness; and cardiovascular, gastrointestinal, genitourinary, neurologic, 
and oncologic topics. A critical chapter is devoted to the care of the 
geriatric patient in the radiology department. Issues of informed 
consent and reactions to contrast media are discussed. Some of the 
opinions on the use of contrast medium and reactions to it will not 
be shared by all. Appropriate concern is expressed about sedative 
premedication, need for hydration, and, above all, the importance of 
tailoring examinations to the needs and limitations of the individual 
patient. 

The chapter on arthropathies appropriately stresses the common 
disorders, particularly osteoarthritis, diffuse idiopathic skeletal hype- 
rostosis, and crystal deposition disease. The chapter on postmeno- 
pausal and senile osteoporosis is quite complete and detailed. The 
chapter on cardiovascular disease concentrates on thallium imaging 
and echocardiography with Doppler imaging. The chapter on the 
gastrointestinal tract includes an excellent discussion of dysphagia, 
with practical suggestions about examination techniques. The dis- 
cussion on the genitourinary system concentrates on carcinoma of 
the prostate. Additionally, a cogent discussion of the evaluation of 
incontinence is included. The chapter on neurologic diseases empha- 
sizes the evaluation of dementia. Evaluation with MR imaging is less 


well covered. The book also has a well-written section on cerebral 
vascular disease. 

As is common with texts written by more than one author, the 
book has some inconsistency in style and approach from chapter to 
chapter. Illustrations are reasonably well reproduced. Some are in- 
trinsically of poor quality, and many would be improved by more 
detailed labeling. Although all the chapters have merit, the discussions 
on bone, the gastrointestinal tract, and the genitourinary system are 
the most focused and informative. All of the authors have produced 
well-written, clear texts, easily understood by readers with different 
backgrounds. 

For whom is the book best suited? Almost all the information can 
be found in standard subspecialty radiology texts (many by authors 
who contributed chapters in this book) already in the libraries of most 
practicing radiologists. Certainly, the book will be a welcome addition 
to the libraries of departments of medicine, family practice, surgery, 
and geriatrics. All those who care for the elderly, from medical 
students to senior practitioners, can benefit from studying its content 
as a guide to selecting imaging techniques and interpreting the 
results. 


J. Eric Blum 
Akron City Hospital 
Akron, OH 44309-2090 
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Computers in Radiology 





HyperCard Coding System for the ACR Index for 


Radiological Diagnoses 


Donald L. Renfrew,'* Sally H. Bass,’ Mark A. Albanese,° and Benjamin M. Whitis* 


We describe a computer version of the Index for Radiological 
Diagnoses of the American College of Radiology (ACR). This 
system combines a graphics interface with a search mechanism 
while preserving the hierarchical structure of the Index. The 
graphics interface allows easy selection of an anatomic part, 
while the search mechanism provides the code numbers associ- 
ated with an entered term. The computer system and the paper- 
back version of the ACR Index were compared by having 52 
volunteers (21 radiology faculty members, 21 radiology residents, 
and 10 medicai students) each code 30 cases with the book and 
a matched set of 30 cases with the computer. The average time 
to code cases was shorter when the computer was used (52.2 vs 
64.5 sec; p < .0001). Accuracy was higher when the computer 
was used (96.4% vs 90.4%; p < .0001). The average confidence 
in the computer diagnosis was also higher (9.73 vs 9.51, on a 
scale of 1-10; p = .0016). 

This system demonstrates the ability of a computer program 
to outperform an analogous noncomputerized system. 


The Index for Radiological Diagnoses of the American 
Coliege of Radiology (ACR) [1] has been used for many years 
to supply code numbers to radiology cases and journal arti- 
cles, providing constant retrieval for later use. Novice users, 
however, often find coding cases with the ACR Index a 
laborious, time-consuming, and even frustrating process. The 
third edition of the ACR /ndex was prepared so that use in 
conjunction with computer programs is feasible [1]. We cre- 
ated a HyperCard system that provides ACR /ndex codes 
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based on the hierarchical structure of the ACR index and has 
the added options of the ability to search for keyboard-entered 
text and select pictorial representations of anatomic struc- 
tures. This article presents a formal evaluation of the com- 
puter system as compared with the paperback version of the 
ACR Index. 


Materials and Methods 
Computer Workstation and Software 


Hardware used for this project included an Apple Macintosh lix 
computer (Apple Computer inc., Cupertino, CA) with 4.0 megabytes 
of random access memory; an internal 800-kilobyte, 3.5-in. (6.9-cm) 
floppy drive; an interna! 80-megabyte hard drive; and an Apple 
Scanner (a flat-bed sheet scanner that allows digitization of black- 
and-white printed images). Art sources included Kopy Kit (Parlay 
International, San Francisco, CA), Diane Abeloff’s Medical Art; Graph- 
ics for Use [2], and drawings provided by us and our institution s 
Department of Medical Graphics. We altered many of the scanned 
images by using the “paint” tools available in HyperCard 2.0 (Claris 
Corp., Santa Clara, CA), which was the software used for the project. 
Approximately 600 hr of programming time were used to develop the 
system. Figure 1 shows an example of how the program works. 

Although the coding system was developed by using a relatively 
elaborate computer system, it will run on any Macintosh computer 
that has at least 2.0 megabytes of random access memory and a 20- 
megabyte hard drive, provided the hard drive has room for storage 
of the entire program (approximately 3.2 megabytes) and Hypercard 
2.0 software is available. 


Presented at the annual meeting of the Association of University Radiologists, Orlando, FL, February 1991. 
* Department of Radiology, The University of lowa Hospitals and Clinics, 650 Newton Rd., lowa City, IA 52242. 
? Present address: Department of Radiology, Rush-Presbyterian—-St. Luke's Medical Center, 1653 W. Congress Parkway, Chicago IL. 60612. Address reprint 
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Fig. 1.—lllustrations on these two pages show how a user can obtain the ACR Index code for a greater curvature ulcer. 

A, The first screen allows user to pick an anatomic “field.” In this case, selecting small picture of stomach displays B. Selecting square containing 
question mark provides help; selecting “Search” option allows user to enter text and search across anatomic fields (for example, someone coding cases 
could enter “greater curvature” and obtain a code number, even if he or she did not know that greater curvature is part of gastrointestinal system). 

B, This screen allows user to either use hierarchy of Index, or to type in “greater curvature” and allow computer to search for term. In this case, user 
selected hierarchy method by selecting rectangle with term Hierarchy in it. Bottom of screen displays ACR code and anatomic structure selected thus far. 
Selecting left-pointing arrow takes user to most recent previously displayed screen, and “Pathology Code” takes user to gastrointestinal pathology section 
of ACR Index. 

C, This screen shows options in gastrointestinal system. User can choose stomach by selecting either picture of stomach on left or rectangle labeled 
“72. Stomach.” 

D, This figure shows screen after user has either selected greater curvature on picture or rounded rectangle labeled “726. Greater curvature.” Bullets 
in rectangles indicate that there are no further branches in anatomic selection process. Note that ACR code and structure(s) boxes at bottom of figure 
have been updated to reflect user’s choice of greater curvature. Assuming user is satisfied with code number and selects “Pathology Code,” he or she 
will proceed to next screen. 

Fig. 1 continues on opposite page. 
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Experimental Design from the correct ACR code, and 0 if they differed by more than one 


digit. A random card shuffle determined the order in which the 
diagnoses were given to each subject. We also recorded the level of 
experience with the computer or book (none, minimal, moderate, 
extensive), level of radiology training and subspecialty (if applicable), 
subjective user preference (computer or book), and self-reported 
confidence in accuracy of code (0-10). 


To compare the computer coding system with the paperback 
version of the ACR /ndex, 21 radiology residents, 21 radiology faculty 
members, and 10 fourth-year medical students used both the com- 
puter and the book to code two sets of 30 matched diagnoses. The 
two sets of matched diagnoses represented equally the 10 anatomic 
fields in the ACR /ndex and were chosen to be similar in the anatomy 
and pathology code numbers. No attempt was made to reflect the 
distribution of codes encountered in typical daily practice (which may 
have been previously memorized by subjects), nor were the diag- 
noses chosen to be found more easily by using either the computer 


Statistical Analysis 


The primary statistical analysis used in comparing the computer 


or the book. The algorithm (Fig. 2) used for testing was designed to 
minimize test/retest bias. Equal numbers of subjects (n = 26) used 
the book first and the computer first. 

We timed subjects with a stopwatch and graded their answers for 
accuracy. Codes were graded as 2 if they were identical to the correct 
ACR code determined prior to testing, 1 if they differed by one digit 


with the book was the two-tailed t test for paired data. We computed 
separate analyses for the three outcome criteria of time, accuracy, 
and confidence. We also computed separate analyses for each 
subject group (medical students, residents, and faculty members). 
We used the .05 level for the p value for each analysis. The Statistical 
Analysis Package (SAS Institute, Raleigh, NC) software package 
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Fig. 1.—(continued). 
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E, This screen, similar to that illustrated in B, allows user either to use hierarchy of Index or to choose “Diagnosis,” type in “ulcer,” and allow computer 


to search for term. 


F, This screen displays options available under “.2 INFLAMMATION” in the Index. As noted, items followed by bullets represent a final choice without 
further options in Index. If user chooses “.25 Ulcer,” however, the user will be led to next screen. 

G, Options available under “.25 Ulcer” are presented. Choosing “.251 Single niche” and then “Accept Code” brings up next screen (H). 

H, This final screen shows ACR code, anatomic structure, and pathologic diagnosis. Icons for future applications appear along bottom of screen. 

Someone with approximately 1 hr of experience using the computer system will navigate through these screens in less than 15 sec. 


running on an IBM 3090 computer was used in the analysis of all 
data. 


Results 


Table 1 presents the results of the evaluation of the pro- 
gram regarding speed, accuracy, and confidence in coding 
cases. For residents and faculty members, the computer was 
faster and more accurate than the book. Confidence in the 
diagnosis did not differ by group, but overall it was greater 
for the computer. All persons tested preferred coding cases 
with the computer version of the ACR /ndex to coding them 
with the book, including those who had had no previous 
experience using computers. 


Discussion 


The past few years have witnessed considerable interest 
in the use of computers in radiology. Elaborate systems have 
been developed that teach radiology [3], aid in radiologic 
diagnosis [4, 5], and function as texts [6], but formal evalua- 


tion of most such systems in radiology has yet to be pub- 
lished. Jacoby et al. [7] found that computer-assisted instruc- 
tion was as effective as conventional lectures when test 
scores were used for comparing groups. The literature has 
few examples wherein a computer system is shown to be 
clearly superior to an alternative [8]. 

One of the most widely used books in radiology is the 
ACR’s Index for Radiological Diagnoses. First published in 
1955, the Index has been used to code cases and file teaching 
material [9] and journal articles [10] for 35 years. It is currently 
in its third edition, which was revised most recently in 1986. 

Despite its widespread use, the ACR /ndex is not a partic- 
ularly easy volume to use. The revised third edition contains 
an alphabetical index, but the committee members who wrote 
the preface to this edition state that “it is strongly advised . . . 
that the actual coding be done from the body of the text and 
not from the alphabetical index. This approach will result in 
more accurate coding and at the same time should help to 
provide a review of differential considerations” [1]. The com- 
puter system we developed produces codes by using a variety 
of search methods. All search methods provide as much 


LAMA SARA m EET TE ENTE NENA RRR AAAA AA Aneena enemies misteainmannmteaninssaunats mesana anes mesa anman eanta taaa es tees 


672 RENFREW ET AL. 


o] 


21 Radiology faculty 
21 Radiology residents 
19 Medical students 


— 


Computer Paperback 


| | 


18 faculty HI faculty 
10 residents i) residents 
5 students 5 students 


| 
H r 
| 


Set j Set 2 Seti Set 2 


| | | 


5 faculty 6 faculty 5 faculty 
§ residents Sresidents 6 residents 5 residents 
5 students 2 students 2 students 3 students 


| || 
oo ee | 


| | | | 


Paperbeck Paperbeck Computer Computer 
p Set 2 Setit set 2 Set} 


5 facuity 





Fig. 2.—Algorithm showing randomization scheme of subjects in testing 
process. Paperback = American College of Radiology index for Radiologi- 
cal Diagnoses [1]; Computer = the HyperCard program described in Ma- 
terials and Methods section. 


TABLE 1: Evaluation of Using the ACR Index vs the HyperCard 
Computer System for Coding Radiologic Cases 





Group {n} Book Computer p Value 
Time to code cases (sec) 
Medical students (10) 58.4 61.4 .6108 
Residents (21) 66.9 49.8 .0010 
Faculty (21) 64.9 50.8 0151 
Combined (52) 64.5 52.2 <.0001 
Accuracy in coding cases 
(% correct) 
Medical students (10) 93.2 93.7 9226 
Residents (21) 91.1 96.7 0002 
Faculty (21) 88.5 97.6 <,.0001 
Combined (52) 90.4 96.4 <.0001 
Confidence in coding cases 
(scale = 1-10) 
Medical students (10) 9.68 9.86 2820 
Residents (21) 9.42 9.61 .1859 
Faculty (21) 9.52 9.78 .0667 
Combined (52) 9.51 9.73 .0016 


SR ARELLANO NEEL STR SESE IGP CEE TEREST IN SOG NE ETS TTT ESLER CTR 

Note.—ACR index = American College of Radiology’s index for Radiological 
Diagnoses [1]. The HyperCard computer system is described in the Materials 
and Methods section. p Values were determined by two-tailed t test. 


“review of differential considerations” as does the text: the 
other entities with the same penultimate digit in the pathology 
code as the chosen code will appear on the screen with the 
chosen code. In our study, we found the computer system 
faster and more accurate than the paperback coding device. 

Aithough residents and staff members were faster and 
more accurate in coding cases when they used the computer 
system than when they used the book, fourth-year medical 
students were not. Fourth-year medical students frequently 
failed to identify the correct anatomic field. This identification 
was Critical, in the version of the computer system evaluated, 
as originally the system had no way to search “across” fields. 
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Using the ACR Index, however, the students could look up 
the structure in the index and then go to the correct page 
number. We have since created a method of searching across 
fields with the computer system, so that performance of those 
who have difficulty deciding on the correct anatomic field 
should improve. 

Others with HyperCard experience may find this program 
useful not only for obtaining ACR Index codes but also for 
entering information into or obtaining information from a com- 
puter. Once the computer has recognized an ACR code 
number for the disease, creation of a data base for a teaching 
file or obtaining access to stored information about a disease 
process is much easier. 

Computer hardware and software undergo incredibly rapid 
evolution. We have endeavored to make the greatest possible 
use of up-to-date equipment and software, while still main- 
taining machine requirements that would be met by a large 
number of computers. Nonetheless, our system is almost 
certain to be outdated in at most a few years. In addition, at 
present, the system is machine-specific and can be used only 
on the Macintosh computer. 

Markivee et al. [9] have developed and described an IBM 
program that not only provides ACR codes based on key- 
board entry, but also automatically files interesting cases. 
However, they did not formally evaluate their program, and 
their program does not use graphics. 

In conclusion, we have developed a user-friendly computer 
system” for obtaining ACR Index codes that is faster, more 
accurate, and subjectively preferable to coding with the pa- 
perback version of the ACR Index. Applications in progress 
for using this system include computerized case files, article 
files, and teaching files. 
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* The HyperCard stacks described in this article can be obtained at no 
charge by sending six blank diskettes and a self-addressed, stamped envelope 
to Donald L. Renfrew, M.D., Rush-Presbyterian-St. Luke’s Medical Center, 
1653 W. Congress Parkway, Chicago, iL. 60612. Instructions on installation 
and use will be included with the stacks. 
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Technical Note 





Radiologic Application of a Microcomputer-Based 
Three-Dimensional Imaging System 


Jeffrey R. Crass,' Alan M. Cohen, and Stefan D. Miron 


Three dimensional (3-D) display of medical information de- 
rived from cross-sectional data is of proved usefulness [1, 2]. 
Many available systems based on pixel intensity adequately 
display high-contrast anatomy such as the skeletal system. 
The inability to display low-contrast structures, however, has 
limited the overall application of 3-D methods. Significant 
overlap of pixel intensities in the viscera and muscular system 
does not allow selective display. Available 3-D systems also 
require digital data, which may not be available in older or 
referral CT and MR studies and is usually unavailable for 
sonography and scintigraphy. We have found an inexpensive, 
microcomputer-based 3-D system originally developed for 
micrographic purposes [3] that can produce 3-D reconstruc- 
tions of many radiologic studies. 


Materials and Methods 


We used HVEM-3-D, a set of programs for PC-based three- 
dimensional reconstruction of micrographic images [3]. A text editor 
is required for entering some of the display parameters; we used 
SideKick (Boriand International, Scotts Valley, CA). Although not 
required, a graphics editor (such as PC Paintbrush IV+, ZSoft Cor- 
poration, Marietta, GA) is useful for labeling, adjusting the color 
palette, and cleaning up images for clarity. The images presented in 
this report were not cleaned up but the palette was adjusted to 
improve clarity on black and white photographs. 

The software requires an IBM PC or compatible microcomputer 
configured with at least 384 kilobytes of random access memory 
(RAM) and a math coprocessor installed. The operating system must 
be DOS 2.0 or higher. A hard disk is not mandatory but is recom- 
mended. A variety of supported data tablets communicating via a 
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serial port provide the data input. Graphic output is to an extended 
graphics array (EGA) or video graphics array (VGA) dispiay, with a 
coresident monochrome display for text. Our system consisted of a 
Bentley 286 (CompuAdd Corp., Austin, TX) with 2 megabytes of 
memory and an 80-megabyte hard disk. Data input was from a 
Huston Instruments (Austin, TX) DT-11 digitizer, a transiucent data 
tablet; mounting the tablet on a light box facilitated the use of 
radiographs. The video output card was a Video-7 VGA (Fremont, 
CA) driving a Zenith ZCM-1490 fiat screen VGA monitor (St. Joseph, 
Mil). Images displayed in this report were photographed directly off 
the flat screen monitor. A Hercules monochrome card (Berkeley, CA) 
drove a variety of monochrome displays for the text output of the 
software. 

The software programs used by our group were developed for 
display of cross-sectional data from microscopy or electron micros- 
copy. Because such data are inherently image based rather than 
digitally based, a manual input method is necessary. Data consisted 
of input from the data tablet and the HVEM-3D program SDED. Any 
study consisting of a set of parallel image planes could be input. 
Angulation was not a probiem as long as it was consistent and the 
slices were parallel to each other. The degree of magnification/ 
minification and slice thickness must be carefully calculated for the 
program, which requires the magnification to be in thousands and 
the slice thicknesses in micrometers. Typical magnifications and slice 
thicknesses were 0.2 magnification and 10,000-um slice thickness. 
At least two reproducible alignment points (called fiduciary points) 
must be defined for each image to be input to allow alignment and 
reconstruction. We selected points on the computer-generated text 
(such as name, date, etc.) to align the images, which are centered 
and aligned relative to the text in the frame of the filmed diagnostic 
image. The contours of the structures to be reconstructed later were 
then traced on the data tablet. This can be a time-consuming task. 
The solid organs and skeletal structures of an abdominal CT study 
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Fig. 1.—Three-dimensional reconstruc- 
tion from CT data. The abdomen was recon- 
structed and displayed in a semirecumbent 
left anterior oblique projection in this patient 
with well-differentiated lymphocytic lym- 
phoma, a chronic lymphoma. Three sets of 
structures—the spine and pelvis (S, light 
gray), the abdominal aorta and iliac vessels 
(A, dark gray), and lymph nodes (N, mid- 
gray)—were selected from the data, which 
had been traced in for display. This projec- 
tion demonstrates the mantle of enlarged 
lymph nodes draped over the dark gray ab- 
dominal aorta and spine. 


took an experienced person approximately 3 hr to trace into the 
computer. Limited studies, such as a liver for volumetric study, took 
much less time and generally could be completed in less than 1 hr, 
including analysis. Editing of objects previously traced is possible. 
After completion of the tracing process, the images are aligned by 
the software by means of the fiduciary points. 

Once the images are input and aligned, one can reconstruct and 
analyze the data. The reconstruction program, RECON, required 
practice to generate useful reconstructions. Examples are provided 
with the software. Examples of reconstructions from CT and sono- 
graphic data are seen in Figures 1 and 2. The flexible program allows 
selection of up to 136 colors, various line thicknesses, selective 
inclusion or exclusion of objects, and variable transparency. Mono- 
chrome printing is possible. 

A series of reconstructions rotating around one axis can be stored 
on disk and later redisplayed as a movie with the HVEM-3D SHOW 
program. This program works particularly well if the series of rotated 
reconstructions is placed in a file on a RAM disk. These files are 
large, usually 1-2 megabytes for images such as those accompanying 
this report, with the small rotation increment of 5° we found necessary 
to obtain a moderately smooth rotation. 

The HVEM-3D MEASURE program allows numeric data to be 
output to the printer, screen, or a disk file. Volumetric analysis was 
quite easy. By using this program, we were able to output the areas 
of each traced organ, object, or tumor to a disk file. We then 
transferred this file to a spreadsheet and summed the data from the 
individual slices to obtain the total volume. 

We studied a variety of CT, sonographic, MR imaging, and scinti- 
graphic cases that we thought might benefit from 3-D display and 


Fig. 2.—A and B, Three-dimensional reconstructions from sonographic data. The fetus (F, light gray), 
uterine cavity (U, mid-gray), and placenta (P, darker gray) are shown in these lateral projections. The 
position of the placenta is best appreciated in the right lateral view (A). The vertex presentation of the 
fetus is best seen in the left lateral view (B). 


found that the software performed well. After the volumetric functions 
with a water phantom were evaluated, this aspect of the software 
was used Clinically. Accuracy of the volumetrics was confirmed to 
within 5%. 

The major limitation we found was that the number of different 
organs displayed must be minimized; even with selective coloring of 
the viscera, inclusion of more than three types of organs often caused 
confusion due to the overlap and busyness of the resultant 
reconstruction. 

In summary, a commercially available microcomputer-based 3-D 
display system was used in a radiologic setting. The system and 
software are inexpensive. As input is via a data tablet, any study 
based on a sequence of tomographic slices may be input into the 
system. This allows input of CT scans, MR images, scintigrams, and 
sonograms. The major potential use of the 3-D images seems to be 
educational, to facilitate understanding of the pathologic anatomy for 
both students and patients. We have used the volumetric functions 
clinically. 
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Radiology Summit Meeting— 1991: Solutions Through 


Synectics 


Bruce L. McClennan' 


Synectics—A theory or system of problem- 
Stating and probiem-solution based on creative 
thinking that involves free use of metaphor and 
analogy in informal interchange within a carefully 
selected small group of individuals of diverse 
personality and areas of specialization. 

Webster’s Unabridged Dictionary 


The Radiology Summit Meeting was held in August 1991, at the 
Grove Park Inn again, in Asheville, NC. The summit meeting is held 
annually under the auspices of the Intersociety Commission of the 
American College of Radiology (ACR) chaired by Dr. Bruce L. Mc- 
Clennan. Seventy-eight leaders from 40 member societies and 14 
staff members from these organizations (see Table 1) gathered for 3 
days to discuss important issues confronting our discipline. The 
theme for this year was “Solutions Through Synectics,” and each of 
two round-table work groups developed a white paper that was 
presented to the Board of Chancellors and the Council of the ACR in 
September 1991 in Minneapolis, MN. Resource speakers set the 
stage for the discussion groups with stimulating reviews of material 
pertinent to the topics for discussion. Dr. Gerald Dodd of the M.D. 
Anderson Cancer Center, Houston, TX, and Dr. Lawrence Coia from 
Fox-Chase Cancer Center in Philadelphia, PA, laid the groundwork 
for the session on practice assessment and credentialing. Dr. Coia, 
along with Dr. Tearle Meyer, vice president of the ACR and head of 
the Committee on Practice Assessment and the Mammography 
Accreditation Program, assisted Dr. Hywel Madoc-Jones from Tufts 
University Medical Center in moderating the deliberations on this 
topic. Dr. Bruce J. Hillman from the University of Virginia was ably 
assisted by Dr. Charles J. Putman, Duke University, with his discus- 
sion session on fostering research by radiologists [1]. Dr. Putman 
presented background material describing the traditional role and 


evolution of radiologists as researchers in academic departments. 
The interests and opinions of representatives from ali sectors within 
our specialty were well represented in vigorous debate and thought- 
ful, articulate interchange as the issues of practice assessment, 
credentialing, recertification, radiology research, scarce resources, 
and more were explored. Academic radiologists and those in private 
community practice voiced opinions and heiped to shape the con- 
cepts expressed in the white papers. 


ACR Leadership Report 


Dr. James B. Moorefield, Jr., from Sacramento, CA, chair- 
man of the Board of Chancellors of the ACR, addressed the 
summit during the weekend, first thanking the federai govern- 
ment for providing him such good “material” for his speech. 
He then reviewed how the rules of the reimbursement game 
had suddenly changed again on June 5, 1991. With the notice 
in the Federal Register of the proposal by the Health Care 
Financing Administration (HCFA) for further cuts in the fee 
schedule to radiology came two new terms—behavioral offset 
and transitional offset—that would become anathema to ra- 
diologists. Proposed was an additional 32% cut in radiology 
payments on top of the 18% cut that our specialty had already 
endured, portending a 50% cut overall by 1996 in Medicare 
reimbursement to radiologists. As was the case in 1988, Dr. 
Moorefield pointed out (tongue in cheek) that HCFA “needed 
our help yet again.” An action plan consisting of letter writing 
campaigns, key contacts with legislators, town meetings, and 
state chapter president briefings culminated with testimony 
before key congressional committees by ACR officers in the 
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TABLE 1: Radiology Summit 1991: Organizations in Attendance 

EA A APN I DINE TT TE NS IEE I TT TO NEES ET ITE IE RETR 

American Association of Academic Chief Residents in Radiology 

American Association of Physicists in Medicine 

American Association of Women Radiologists 

American Board of Nuclear Medicine 

American Board of Radiology 

American College of Medical Physics 

American College of Nuclear Physicians 

American College of Radiology 

American Institute of Ultrasound in Medicine 

American Medical Association, Section Council on Radiology 

American Osteopathic College of Radiology 

American Radium Society 

American Roentgen Ray Society 

American Society for Therapeutic Radiology and Oncology 

American Society of Clinic Radiologists 

American Society of Head and Neck Radiology 

American Society of Neuroradiology 

Association of Residents in Radiation Oncology 

Association of University Radiologists 

Canadian Association of Radiologists 

Council on Cardiovascular Radiology of the American Heart Associ- 
ation 

Interamerican College of Radiology 

international Skeletal Society 

National Medical Association, Section on Radiology 

North American Society for Cardiac Imaging 

Radiological Society of North America 

Residency Review Committee 

Society for Magnetic Resonance imaging 

Society for Pediatric Radiology 

Society of Breast Imaging 

Society of Cardiovascular and Interventional Radiology 

Society of Chairmen of Academic Radiation Oncology Departments 

Society of Chairmen of Academic Radiology Departments 

Society of Body Computed Tomography 

Society of Gastrointestinal Radiologists 

Society of Magnetic Resonance in Medicine, Inc. 

Society of Nuclear Medicine 

Society of Radiologists in Ultrasound 

Society of Thoracic Radiology 

Society of Uroradiology 

Veterans Administration Chiefs of Radiology 

SESE ET TAIT OTE RIL EE La TIE CE NIE TSE TTT ITT RAE SENSE TSIEN EEL LIE ITS S SE LEER TESTES 


summer of 1991. In all, 44,000 pieces of mail from radiologists 
and supporters were sent to Congress, the President, and 
key governmental officials. To date, HCFA has backed down 
somewhat but not completely from a transition/behavior off- 
set, but predictions for retention of a 3-6% reduction by early 
1992 persistently come from HCFA officials. There was some 
good news, however, in that global billing with CPT-4 codes 
has given way to split billing, particularly for interventional 
procedures. Expectations are for more uniform payments 
across Medicare carriers in the future. Also, Congress ap- 
pears to actually be on our side in regard to physician payment 
reform. Representative Pete Stark has held hearings on self- 
referral and joint ventures based in part on data collected by 
the Florida Health Care Commission showing an extremely 
high percentage (>90%) of physician ownership of imaging 
centers in the state of Florida. Furthermore, the safe harbor 
regulations were finaily released by the inspector general, Mr. 
Kusserow, and they placed radiologists in a rather favorable 
light. Recent rulings (e.g., the Hanlester case) have encour- 
aged the inspector general to pursue questionable cases and 
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actually prosecute violators under the antikickback provisions 
of Medicare law. Dr. Moorefield reminded summit attendees 
that our job is far from over, and pressure must be maintained 
on HCFA and Congress to carry out the letter and intent of 
the law regarding physician payment reform. He further em- 
phasized that these critical issues affect subspecialty socie- 
ties as well as individual radiologists in private practice. 


Radiology Centennial, Inc., Report 


Dr. John Tampas, president of Radiology Centennial, Inc. 
(RCI), convened the annual meeting of RCI during the 1991 
summit meeting. Because RCI grew out of the Intersociety 
Commission, all member societies are part of the Board of 
Directors of RCI. Dr. Tampas reported to the directors and 
others present on the progress made by the organization, 
particularly the outstanding success in fundraising to date. 
With unrestricted pledges of $250,000 each from the four 
major radiological societies—American Roentgen Ray Soci- 
ety, American Society for Therapeutic Radiology and Oncol- 
ogy, ACR, and Radiological Society of North America—RCI 
has already raised or received pledges for over half of its 
proposed $3 million budget for our 1995 centennial celebra- 
tion. Additional donations or pledges have been received from 
the American Association of Physicists in Medicine, American 
College of Medical Physics, American Society of Neuroradiol- 
ogy, Society of Radiologists in Ultrasound, Society of Chair- 
men of Academic Radiology Departments, and California Ra- 
diological Society. The committee structure (11 committees), 
ongoing projects, and budget projections for each committee 
were all presented. Over 200 people are currently participating 
in RCI committee functions, and others were invited by Dr. 
Tampas to participate. Societies that were new to the Inter- 
society Commission summit meeting were also invited to 
become members of the Board of Directors of RCI. One 
hundred years of achievement in radiology (1895-1995) is a 
Story worthy of great celebration, and RCI is off to a grand 
start. 


Practice Assessment and Credentialing 


The Work Group on Practice Assessment and Credential- 
ing, moderated by Dr. Hywel Madoc-Jones, was fortunate to 
have two excellent speakers pave the way for their discus- 
sions. Dr. Gerald Dodd gave a historical perspective on the 
assessment of continuing clinical competence, beginning with 
the efforts of the American Board of Medical Specialties to 
institute voluntary recertification in the early 1970s. ACR 
Council Resolution No. 27 in 1975 set up guidelines for 
recertification promulgated by the American Board of Radiol- 
ogy and outlined various pathways to achieve recertification 
should it prove necessary. However, active recertification 
initiatives have not been initiated owing to lack of grassroots 
support, no true consensus on the best (preferred) methods, 
and no direct linkage to reimbursement. Recent ACR efforts 
to develop standards for practice assessment and creden- 
tialing have rekindled interest in the process. Dr. Dodd ac- 
knowledged that the American Board of Radiology is contin- 
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uing to consider recertification alternatives, including personal 
computer and videodisk programs. Any realistic recertification 
program must be practical, nonpunitive, and allow for remedial 
actions, Dr. Dodd explained. He further cautioned that the 
Joint Commission for Accreditation of Healthcare Organiza- 
tions is pushing its own form of standards and credentialing, 
focusing on outcomes in the care of patients while actually 
deemphasizing the need for board certification. Dr. Dodd 
noted the great success of the ACR mammography accredi- 
tation program and the important role of the American Cancer 
Society in this effort, a role that he personally supported in 
his position as president of the American Cancer Society. He 
found the results of, and response to, the mammography 
accreditation program very encouraging. 

Dr. Larry Coia, a radiation oncologist from Philadelphia, 
outlined the Patterns of Care Study (PCS) established in 1973, 
and offered it as a potential template for use by diagnostic 
radiologists in their deliberations on practice assessment and 
continuing competence. This program within radiation oncol- 
ogy was designed to correlate and combine structure and 
process with outcome. Further goals were to assess compli- 
ance and bring about improvement in patients’ care. Dr. Coia 
outlined five steps within the PCS: (1) document facilities, 
patient demographics, and current practice patterns; (2) de- 
velop a consensus of best current management for a specific 
cancer site (e.g., breast, testis, bladder, and larynx) by using 
expert panels comprising academicians, physicists, oncolo- 
gists, and surgeons; (3) conduct process surveys that include 
large numbers of patients so as to determine nationai aver- 
ages and trends in patient evaluation and management; (4) 
develop outcome surveys to assess results of treatment; and 
(5) develop accreditation programs based on the above. Eval- 
uation and management decision trees are developed and 
facilities are stratified and statistics compiled, then compliance 
is assessed on site reviews. If a variance is identified, remedial 
action is suggested. The PCS is developing national bench- 
marks and correlating processes with outcomes. Dr. Coia 
stressed that the success of this program could serve as a 
stimulus to diagnostic radiologists to perform analogous stud- 
ies, although it was noted that outcome measurement in 
oncology is easier than in diagnostic processes. 

Dr. Hywel Madoc-Jones was assisted by Drs. Coia and 
Meyer in moderating his session and in developing the white 
paper that was submitted to the ACR Board of Chancellors 
and Council in September 1991. Their report was written at 
a time when momentum for health care reform in the United 
States was rising. Senator John D. Rockefeller of West Vir- 
ginia, head of the Pepper Commission, had recently called 
upon physicians to get involved in the process of improving 
health care and access to care with a specific focus on cost- 
effectiveness of patient management, cost-containment, and 
outcomes research. 

Regarding credentialing and recertification, the consensus 
was that the American Board of Radiology and the American 
Osteopathic Board of Radiology (AOBR), which gives initial 
certification, should also give any recertification that eventu- 
ally becomes necessary. The AOBR is going ahead with its 
own recertification program in 1992. A majority of the work- 
group participants endorsed subspecialty certification, but 
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many agreed that it was not necessary to obtain certification 
via an actual examination. There was serious concern about 
disenfranchising general radiologists with such an examina- 
tion. Radiation oncologists felt no specific urge for subspe- 
cialty certification at this time. Other discussion centered on 
self-referral, physician ownership, and the necessity of a 4- 
year training program for radiation oncology similar to what 
currently exists for diagnostic radiology. There was general 
agreement that over time, the ACR should urge no physician 
ownership of imaging centers or radiation oncology centers 
by physicians who refer patients to those centers, stressing 
the real or perceived potential conflict of interest. 


Fostering Research by Radiologists 


Dr. Charles Putman gave a stimulating review and his own 
perspective on the growth and development of research in 
radiology departments. He coined the phrase, “the eccentric 
uncle,” for the radiologist researcher, someone who has 
traditionally lived in the catacombs of the department, getting 
paid only to think. This eccentric uncle would periodically be 
displayed for all to see, noting that he supports himself by 
research alone. Medical schools and universities were siow 
and most radiology departments slower to deveiop strong 
research programs before the 1970s. Deans of institutions 
wanted strong research in ali departments, including radiol- 
ogy, but they also wanted the films to be found. In the 1980s, 
the realities of the budget deficit took hold, but the National 
Science Foundation budget still increased 13%, and the Na- 
tional Institutes of Health (NIH) budget increased 18%. How- 
ever, 25 major medical centers get 60% or more of all the 
research funds budgeted by these two organizations. “It is 
time to join the party,” Dr. Putman exclaimed. We [radiolo- 
gists] need to define ourselves, use our collective wisdom, 
cultivate interdisciplinary avenues, and improve public aware- 
ness. Indeed, we need to take the tarnish off the image of 
our eccentric uncles. We must be the interface and must 
bring our best and brightest potential researchers to the party. 
Credible, fundable research must be our goal. 

Through the efforts of Dr. Putman and others, an intramural 
laboratory now exists at the NIH. Radiology research budgets 
at NIH have grown from $3.2 million in 1982 to over $100 
million for radiation oncology research in 1991 and nearly 
$108 million for diagnostic radiology and nuclear medicine 
research in 1991. Dr. Putman further noted that 50% of all 
people who received RO1 NIH grants have spent some time 
at the NIH. 

The groundwork laid by Dr. Putman paid dividends in the 
carefully organized work group moderated by Dr. Bruce J. 
Hillman. The importance of research in radiology was re- 
viewed as a prelude to making recommendations and design- 
ing a blueprint for change and improvement. The group ac- 
knowledged that research pays dividends for practicing radi- 
ologists by improving their practice for both referring 
physicians and patients. New techniques and services and 
the privileges to perform and provide them have their basis in 
sound research. Attraction and retention of the best and 
brightest young physicians in our field depends on our per- 
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formance of credible research. Our image, respect, and rec- 
ognition by clinical colleagues, as well as our reimbursement, 
will all be improved by effective radiologic research. In order 
to improve the posture of radiologic research, several vital 
issues needed to be addressed, according to Dr. Hillman’s 
work group. These are (1) an agreed upon definition of 
radiologic research; (2) the lack of sufficient funding sources, 
which threatens to become more scarce with shrinking clinical 
reimbursement; (3) the paucity of mentors in academic de- 
partments who are well trained in research and are them- 
selves funded; (4) a reluctance among many residents and 
fellows to choose a career in research; and (5) the conflict 
that exists between busy clinical radiologists and budding 
researchers in many departments. 

Several recommendations were forthcoming from the work- 
shop of Drs. Hillman and Putman, including more and better 
resident or fellowship training in the science and methodology 
of technology assessment, increasing awareness by funding 
agencies of the importance of technology assessment and 
better support for it, more rigorous assessment of manu- 
scripts by journal editors, and requirements that authors need 
to be more objective in their interpretation of the validity and 
general applicability of results. The broadest-based definition 
of radiology research was encouraged, with a renewed em- 
phasis on basic science research by radiologists. Rather than 
mere descriptions of new technologies, applications of the 
new evolving imaging techniques to fundamental biological 
molecular processes are needed. A consideration of social, 
economic, and organizational issues related to the field of 
radiology must also receive attention if research by radiolo- 
gists is to be acknowledged, accepted, and funded in the 
1990s. Outside funding for research has improved slightly 
along with the development of an intramural laboratory at the 
NIH, but awareness of funding sources and better exploitation 
of traditional sources are needed. Continuation and strength- 
ening of ties to industry and greater contributions by radiologic 
societies, both large and smail, to research and education 
funds were specific recommendations by Dr. Hillman’s group. 
However, much radiology research today is still funded from 
departmental sources. Department chairs and radiologists 


AJR:158, March 1992 


alike must get involved by encouraging research, creating 
time in busy departments, providing seed money, and solic- 
iting philanthropic support and endowments. Role models 
(mentors) can be found both within and outside radiology 
departments. Closer research arrangements with nonphysi- 
cian researchers within radiology departments or in other 
disciplines can be structured to improve training for research- 
ers in radiology. Direct involvement in the intramural research 
program at NIH should be encouraged for our young investi- 
gators. A clearinghouse at the ACR for grant and funding 
information, regular publication of instructional materials 
about “how to do research,” and grantsmanship workshops 
and symposia were all listed as specific steps that could be 
taken to increase the general knowledge base for research 
opportunities within our specialty. Successful recruitment of 
researchers will depend on an “up front” identification of 
qualified candidates and suitable adjustments in our training 
curriculum for these candidates. This will ail take time, but 
the overall goal should be a gradual cultural change within 
departments where rewards are commensurate with efforts 
and excellence in achievements, both for clinical and research 
missions. 


Summary 


In many ways, standards were back on the table again at 
this year’s summit: standards for assessment of continuing 
competence and how to improve the standards of radiology 
research. For standards to have merit and meaning, they 
should have the broadest possible base and democratic input 
in development. Research by radiologists can begin and 
improve if many of the recommendations of this year’s summit 
are embraced. Many problems were addressed within the 
context of the summit gathering, and synectics can yield 
solutions. 
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Western Neuroradiological Society, 23rd Annual Meeting: 


October 1991 


Elizabeth Whalen’ 


The 23rd annual meeting of the Western Neuroradiological 
Society was held October 17-20, 1991, at the Ritz-Carlton 
Hotel, Laguna Niguel, CA. In the course of the meeting, 46 
scientific papers were presented encompassing nine cate- 
gories of research: MR angiography, brain tumor therapy, 
pediatric brain disorders, brain neoplasms, cerebrovascular 
disease and ischemia, brain infection, spine, interventional 
neuroradiology, and general topics. Also, experts contributed 
State-of-the-art reviews in special lectures on nuclear imaging 
of the brain, fast MR imaging, and imaging of malignancies of 
the extracranial head and neck. Rounding out the program 
were 14 “case of the minute” presentations, in which speakers 
very briefly discussed individual cases of special interest; also, 
technical exhibits provided information on new products and 
publications specifically pertinent to neuroradiology. 

For the fourth year, the Gabriel Wilson Award was given to 
the scientific paper judged to be the best presented: Wayne 
L. Davis (Salt Lake City, UT) received the award for the 
presentation of “International MR Angiography: Comparison 
of Three-Dimensional Time of Flight and Multiple Overlapping 
Thin-Slab Acquisition Techniques.” The MR Angiography sec- 
tion below contains a summary of this paper by Dr. Davis, D. 
D. Blatter, D. L. Parker, and H. R. Harnsberger. At this 
meeting, second-place honors were awarded for the first time, 
and two presentations tied for this distinction: “A Rheologic 
Basis for MR Angiography. |. The Carotid Bulb” by C. W. 
Kerber, C. B. Hellman, and K. Lee (San Diego, CA), which is 
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summarized in the MR Angiography section, and “Is Gliosis 
Detectable by MR Imaging?” by M. D. Nelson, Jr., |. Gonzalez- 
Gomez, E. P. Keushkerian, and F. H. Gilles (Los Angeles, 
CA), which is summarized in the section on Pediatric Brain 
Disorders. 

Because of AJR space limitations, we cannot provide cov- 
erage of all the activities included in this 13-hour meeting. 
However, in an attempt to balance both the specifics of in- 
progress research with the general information of the special 
sessions, this report summarizes 13 of the scientific papers 
and two of the featured lectures. 


MR Angiography 
Multiple Overlapping Thin-Slab Acquisition MR Angiography 


In the presentation that won this year’s Gabriel Wilson 
Award, Wayne L. Davis discussed the use of multiple over- 
lapping thin-slab acquisition (MOTSA) MR techniques for 
evaluating intracranial anatomy; co-authors of the study were 
D. D. Blatter, D. L. Parker, and H. R. Harnsberger (Salt Lake 
City, UT). Their research compared images obtained with the 
MOTSA technique (which uses an imaging “sweet spot") with 
images from two types of three-dimensional (3-D) time-of- 
flight (TOF) sequences (one with short TE and one with long 
TE); images were obtained in 10 healthy volunteers and 25 
patients (who had various abnormalities, including aneurysm 
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and arteriovenous malformation}. in general, criteria for eval- 
uation of images included visualization of specific vessels and 
depiction of normai anatomy; specifically, six criteria each 
were established for arteriovenous malformations, aneu- 
rysms, and “other.” Of 110 total criteria checked, 3-D TOF 
images met 48 and MOTSA images met 84 (p < .001); 
angiograms, the gold standard, met 94 of the 110 criteria. Dr. 
Davis and his colleagues concluded that MOTSA images of 
normal intracranial anatomy provide vessel visualization that 
is superior to that found on 3-D TOF images and that, because 
the effect of flow saturation is reduced with the MOTSA 
technique, MOTSA imaging also yields better visualization of 
pathologic intracranial anatomy. Among their patients, the 
improvement in visualization with MOTSA was more marked 
in more serious diseases. 


Rheologic Basis of MR Angiography of the Carotid Bulb 


The paper that tied for second place in best presentations 
at this meeting, by C. W. Kerber, C. B. Heilman, and K. Lee 
(San Diego, CA), dealt with MR angiography of the carotid 
bulb in terms of angiography’s rheologic basis (rheology = 
the phenomena of flowing matter). Dr. Kerber pointed out that 
MR imaging provides good images of carotid bulb anatomy 
but not of the actual physiology: MR angiography may be 
better at defining the physiology. In this study, artificial arteries 
(elastic silicone models designed by these researchers) were 
placed into a circulating system, and, to achieve a more 
realistic baseline of flow, a compression chamber was used. 
Models were constructed to represent normal arteries; arter- 
ies with different degrees of stenoses (50%, 75%, and 90%); 
and stenotic arteries with a centrally ulcerated plaque. Dr. 
Kerber showed a video of moving flow to illustrate one 
surprising finding: that flows one would expect to be external 
are often posterior. Also, external flow stops in diastole; in 
general, interpretation of flow is uncomplicated during systole 
but becomes much more complicated during diastole. 

in atheromatous narrowing, MR angiography showed 60% 
loss of the normal cross-sectional area in the carotid bulb in 
a stenosis with only a 12% diameter loss and 22% constric- 
tion. This stenosis showed no external diastolic flow but the 
customary swirl pattern of the carotid artery flow was absent. 
With a narrowing of 62% diameter (82% area), the flow 
pattern is more chaotic just before systole, and no flow is 
seen along the walls; this finding suggests that flow along the 
walls as an indicator of diagnosis or status may be misleading. 
Dr. Kerber showed that on MR angiography the flow dynamics 
are clearer in slow-motion videos and concluded that, be- 
cause of the artifacts that confound interpretation of flow on 
MR images, the most accurate determination of flow requires 
a solid basis of flow dynamics in rheology, which can be better 
illustrated on MR angiographic images. 


Brain Tumor Therapy 
Thermoradiography of Malignant Gliomas 


A phase-1 Clinical trial to test the feasibility, tolerance, and 
toxicity of interstitial thermoradiotherapy of supratentorial 
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gliomas was described by Joachim F. Seeger; the study is 
currently being conducted by B. Stea, T. C. Cetas, J. R. 
Cassady, A. N. Guthkelch, J. F. Seeger, B. Lulu, K. Rossman, 
A. Shetter, E. Obbens, and A Hamilton (Tucson, AZ). In 29 
patients with high-grade glioma, plastic catheters were placed 
stereotaxically (at least seven catheters per patient, with 
required close spacing—<1.5 cm——between catheters). The 
catheters were loaded with thermally regulated ferromagnetic 
implants through which hyperthermia was delivered. Before 
and after interstitial radiation, heat between 42°C and 45°C 
was delivered via the catheters for 60 minutes. Follow-up 
scans assured correct catheter placement and permitted 
checking for complications. The heat delivery procedure was 
successful: The temperature in more than 50% of the moni- 
tored points within tumors exceeded 42°C, but no tempera- 
ture over 40°C was found outside the area of the implant. 
Among the complications were one death, one subarachnoid 
hemorrhage and hydrocephalus, and three hemorrhages from 
placement of the probe. These preliminary results indicate 
that this treatment could increase the survival rate of patients 
with high-grade glioma (13 of 29 patients are alive 8-40 
months after diagnosis). Interstitial thermoradiography ap- 
pears to be capable of effectively heating brain tumors in a 
way that is safe (if the implant volume is less than 100 cm*) 
and easy (if the interstitial implant is done as a boost). How- 
ever, more clinical work must be done to further assess the 
safety and long-term efficacy of the technique. 


Brain Disorders in Children 
Detectability of Gliosis by MR Imaging 


Marvin D. Nelson, Jr., presented this study, co-authored by 
|. Gonzalez-Gomez, E. P. Keushkerian, and F. H. Gilles (Los 
Angeles, CA), which tied for the second-place award for 
presentations. After MR images were obtained of 30 brains 
and spinal cords from cadavers of subjects aged 20-weeks 
gestation to 17 years, the sectioned specimens were stained 
both with H & E and Luxol fast blue (for cells and myelin) and 
with Holzer (for glial fibrils). MR imaging techniques included 
standard T1-weighted, intermediate-weighted, and T2- 
weighted sequences. in this investigation, glial fibrils were 
shown to (1) first appear in midgestation, (2) occur subpially 
and subependymally throughout the CNS, (3) start in the 
spinal cord and progress cephalad, and (4) spread anteriorly 
to posteriorly in the spinal cord and brainstem. The findings 
of these authors led them to conclude that gliosis is a normal 
event in some areas of the CNS. These glial fibriis are the 
same as those produced as an astrocytic response to a 
pathologic process. Also, the study allowed a test of this 
generally accepted hypothesis: Because astrocytes are swol- 
len and contain additional protein (glial fibrils), they are hyper- 
intensive to brain on T2-weighted images. In direct contradic- 
tion to this hypothesis, these investigators saw no bright 
signal on T2-weighted images of specimens that contain 
considerable gliosis, without necrosis or demyelination. 
Therefore, gliosis in and of itself does not produce increased 
intensity on either intermediate- or T2-weighted MR images. 
Since MR does not detect gliosis, these researchers suggest 
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that neuroradiologists avoid using the term gliosis when in- 
terpreting MR results. 


MR Imaging of Evolution of White Matter Lesions in 
Neurofibromatosis Type 1 


Before describing this study performed by himself and A. 
J. Barkovich (San Francisco, CA), Robert J. Sevick (Caigary, 
Alberta, Canada) first discussed the different types of neuro- 
fibromatosis: type 1, which is characterized by optic nerve 
glioma, parenchymal glioma, and hyperintense foci on T2- 
weighted MR images; and type 2, which involves multiple 
tumors of the meninges and Schwann cells. Their study 
concerned neurofibromatosis type 1 and the evolution of 
related white matter lesions, which are hyperintense on T2- 
weighted images and isointense on T1-weighted images. 
Possible histologies of these lesions include low-grade tumor, 
heterotopia, abnormal myelination, and hamartoma. To fur- 
ther describe white matter lesions in neurofibromatosis type 
1, these researchers studied 34 patients of various ages with 
neurofibromatosis type 1 and white matter lesions; they cor- 
related both the attributes and changes of the lesions with 
patient age. MR features assessed included lesion number, 
location, and morphology, as well as signal characteristics 
and contrast enhancement. 

MR images showed isointense lesions on T1-weighted 
images in 31 patients (atypically hypointense lesions in three), 
absence of mass effect in 33 patients (atypical mass effect in 
one), and absence of lesion enhancement by gadolinium in all 
patients. On follow-up MR, the white matter lesions evolved 
as follows: decreased in size or number in seven patients 
(average age, 13); did not change in three patients (average 
age, 12); increased in size or number in four patients (average 
age, 5); and showed mixed results (increase in size with 
decrease in number or vice versa) in four patients (average 
age, 7). In no patient older than 10 years was any increase 
seen in size or number of lesions. The results of this study 
indicate that, in patients with neurofibromatosis type 1, the 
vast majority of white matter lesions are benign; the typical 
lesion is hyperintense on T2-weighted images and isointense 
on T1-weighted images and shows neither a mass effect nor 
any enhancement with gadolinium; and these lesions com- 
monly increase in size or number in patients younger than 10 
years old. The atypical white matter lesion in neurofibroma- 
tosis type 1 must be carefully followed up to rule out neo- 
plasm; these lesions can be recognized by hypointensity on 
T1-weighted images, mass effect, gadolinium enhancement, 
and/or increase in size or number in patients older than 10 
years. 


Cerebrovascular Disease and Ischemia 


Distinguishing Ischemic Gliosis from Deep White Matter 
infarction by Using Ultrathin T1-Weighted MR Imaging 


William G. Bradley presented this study, co-authored by N. 
Palmer and K. Macauly (Long Beach, CA), which investigated 
the question “What does patchy periventricular hyperintensity 
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in the elderly represent?” The possible answers include état 
criblé (dilated periventricular spaces), ischemic gliosis/demye- 
lination, infarction, or a combination of these entities. On T1- 
weighted (T1W) proton density-weighted (PDW), and T2- 
weighted images (T2W), these diseases show the following 
patterns: état crible—dark on T1W, isointense with brain on 
PDW, and bright on T2W images; ischemic gliosis—isoin- 
tense with brain on T1W and bright on PDW and T2W images; 
infarction—dark on T1W and bright on PDW and T2W im- 
ages. 

Because of the significant partial-volume effects when 5- 
mm slices are used with T1-weighted imaging in these pa- 
tients, Dr. Bradley and colleagues studied the use of 1.3-mm 
(ultrathin) slices to help distinguish infarction from gliosis. The 
following hypotheses were tested: on T1-weighted images, 
signal intensity will be approximately equal to CSF (dark gray) 
in infarction and higher than CSF (gray) in gliosis. Included in 
the study were 20 elderly patients with patchy periventricular 
hyperintensity on T2-weighted MR images; ali had MR imag- 
ing, including T1-weighted imaging with ultrathin slices. On 
T1-weighted images, infarction cavities were identified as 
rounded, low-intensity foci associated with subcortical white 
matter lesions and with deep white matter lesions that had 
convex-outward margins (>1 cm in diameter on T2-weighted 
images). On the other hand, ischemic gliosis appeared as 
deep white matter lesions with concave-outward margins that 
did not show any cavitation. Because many patients with 
patchy periventricular hyperintensity on T2-weighted MR im- 
ages seem to have both ischemic gliosis and infarction, distin- 
guishing the two by using ultrathin slices during T1-weighted 
MR imaging may prove helpful. 


MR Imaging and Neuropsychological Findings in Healthy 
Elderly Subjects 


In another paper dealing with MR imaging of the elderly, 
interesting results were produced by comparing MR results 
with neuropsychoiogical findings; John Howieson presented 
the study on behalf of his colleagues, Diane Howieson, Jeffrey 
Key, and Lynne Holm (Portland, OR). In order to ensure a 
group of truly healthy subjects, only one of every 17 volun- 
teers for the study was included on the basis of a long list of 
exclusions. Two groups had both MR imaging and neuropsy- 
chological examinations: 15 subjects ranging in age from 65 
to 74 years (group 1) and 30 subjects ranging in age from 84 
to 103 years (group 2—an age group for which no normative 
data have been established for healthy aging). As the study 
proceeded, the researchers found that MR volume measure- 
ments were much more effective for their purposes than were 
MR linear measurements. 

Dr. Howieson presented two fascinating illustrative cases. 
A psychologist had described the first subject, a 100-year-oid 
man, as interesting and active; the subject lives in a retirement 
home that allows him some independence, walks 0.5 mile/ 
day and also exercises regularly on an exercycle, keeps up 
with current events, and has an active social life. This sub- 
ject's biggest aging problem is very poor vision, which is not 
a brain problem, but a natural consequence of aging. Also 
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noted by Dr. Howieson was this subject's unwillingness to 
“let us have his brain,” possibly explained by the fact that the 
man had worked for a long time as a butcher. The second 
subject discussed, an 88-year-old woman, received one of 
the highest activities-of-daily-living scores among group 2— 
she lives in her own home, does much walking, and shops 
and cooks for herself. 

The main message conveyed was that these two healthy 
elderly subjects may have been misclassified on the basis of 
“abnormal” MR imaging results: 10 of 45 subjects studied 
would have been misclassified by volume measurement and 
third ventricular width. Some atrophy, which is shown on MR 
images, is normal with aging and does not indicate disease; 
in fact, even severe atrophic change and white matter inten- 
sity may be compatible with normal neuropsychological func- 
tion. Also, CSF spaces normally become larger with age. 
These researchers concluded that neither memory test nor 
visual perception tests correlate with CSF volume. In future 
work, they will investigate tissue discrimination (i.e., skull and 
brain). 

In an interesting side note, the presenter made his study 
especially pertinent to radiologists: Of all measures employed 
in this study, visual perception—the ability that professional 
radiologists depend on most—is the one most adversely 
affected by advancing age. Although an older radiologist may 
have wisdom and understanding unsurpassed by younger 
colleagues, the deterioration of visual perceptual performance 
must be taken into account as radiologists judge their capacity 
to perform the best possible service for their patients. 


Cerebral Angiographic Findings in Cocaine Abuse 


This study of angiograms in cocaine abuse cases was 
presented by F. L. Chiang and coauthored by B. L. Miller, T. 
M. Koci, and C. M. Mehringer (Los Angeles, CA); this research 
was motivated by the increasing incidence of cocaine abuse, 
the lack of understanding of the mechanism of cocaine-related 
cardiovascular complications, and the absence of published 
reports focusing on angiographic findings in patients who 
abuse cocaine. Their study group comprised 12 patients, 
each of whom had neurologic symptoms and recent history 
of cocaine abuse; all 12 had had cerebral angiography as well 
as MR imaging and/or CT. MR, CT, and angiographic results 
were normal in four patients. In the five patients in whom MR 
or CT showed infarction, angiography showed occlusions in 
three (ail involving the sylvian branches of the middle cerebral 
artery; one of these patients also had bilateral cervical internal 
carotid artery disease); the two other patients with infarction 
had angiographic patterns that indicated arteritis. Angio- 
graphic findings in the final three patients, whose MR and CT 
images showed hemorrhage, included aneurysm (two) and 
arteriovenous malformation (one). 

Patients with neurologic deficits sometimes refuse testing 
and therefore present difficult diagnostic problems; this study 
showed that in these patients angiograms can produce a 
broad spectrum of findings, including normal vessels, changes 
in small vessels, occlusions of major branches, and extracra- 
nial lesions. In conclusion, Dr. Chiang emphasized that pa- 
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tients with cocaine-associated infarctions may have vascular 
occlusion or (less often) arteritis; these patients need to be 
examined for possible underlying vascular lesions. 


MR Imaging of Eosinophilic Myalgia Syndrome 


The use of MR imaging in eosinophilic myalgia syndrome 
(EMS), which has been linked to the ingestion of L-tryptophan, 
was discussed by Randy R. Sibbitt, who described a study 
done by himself, J. Mayer, B. Greenfield, D. Seelinger, and 
W. Sibbitt (Albuquerque, NM). Initial manifestations of EMS 
(whose cause is now tied to a particular manufacturer of L- 
tryptophan, an ingredient in diet and sleep-inducing medica- 
tions) include acute hypereosinophilia and dyspnea. Acute 
EMS included the CNS in only 2% of patients, whereas 
chronic CNS signs, characterized by neurocognitive dysfunc- 
tion, appear in over 60% of patients. Of 25 EMS patients 
studied with MR imaging, 11 had more subcortical and peri- 
ventricular white matter lesions than expected and five had 
midbrain lesions. Gadolinium was useless in the five patients 
who received contrast material. Proton MR spectroscopy in 
four of five patients showed abnormal but unidentified amino 
acid spikes, which may reflect an indicator of ongoing disease 
that is more sensitive than imaging or a metabolic marker of 
susceptibility to the disease. 


The Spine 
Spinal Subarachnoid Metastasis from Malignant Melanoma 


To determine the relationship of spinal subarachnoid me- 
tastasis to intracranial surgery and other treatment for malig- 
nant melanoma, six patients were studied by Edward Escott 
(who presented the paper), D. Rubinstein, J. H. Simon (Den- 
ver, CO), and W. Yuh (lowa City, IA). All six patients had 
symptoms referable to the spine and had brain metastases, 
and all had had chemotherapy; in addition, five had been 
treated by surgery and three by CNS radiation therapy. The 
symptoms of spinal subarachnoid metastasis included back 
pain, lower extremity weakness and numbness, and loss of 
bladder control; the number of brain metastases seen on MR 
images ranged from one to 50. On MR images, spinal sub- 
arachnoid metastasis appeared as a mass filling the caudal 
thecal sac and multiple nodules on nerve roots; coating of 
spinal nerve roots was also seen. These researchers sug- 
gested that surgery may aid the subarachnoid spread of 
malignant melanoma either by potentiation by tumor seeding, 
by allowing more time for the disease to take its natural 
course, or by allowing the spinal metastases to become 
Clinically evident by unmasking their symptoms. The authors 
are beginning a prospective trial to confirm this. Awareness 
of this possible connection may play a part in decision making, 
as more aggressive treatments are considered for melanoma. 


MR Imaging of Conus Lesions 


Sylvie Destian discussed the MR appearance of conus 
lesions as correlated with surgical and pathologic findings on 
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the basis of a study by herself, J. Ahmadi, P. Colletti, C. S. 
Zee, and H. D. Segall (Los Angeles, CA). In 23 patients with 
back pain and lower extremity weakness, T1-weighted MR 
images were obtained (gadolinium enhancement was used in 
17); MR results were correlated with pathologic (16 cases), 
autopsy (three), and CSF cytologic (three) results. Diagnoses 
included dermoid/epidermoid, ependymoma, astrocytoma, 
cytomegalovirus, metastatic melanoma, lymphoma, and gran- 
ulomatous infection. On MR images, dermoid and epidermoid 
tumors appeared bulky and lobulated; five of seven showed 
fat (a distinguishing characteristic), four had areas of hypoin- 
tensity on T1-weighted images, two showed bone erosion, 
and none were enhanced. Ependymoma also appeared bulky 
and lobulated, but, of the five cases, fat was seen in none, 
bone erosion in three, and hypointensity on 1T1-weighted 
images in two; in all three cases of ependymoma in which 
gadolinium was administered, the lesion did enhance. In the 
four cases of astrocytoma, the following characteristics were 
noted: fusiform, infiltrative nature (two cases); bulky, lobulated 
appearance (two); hypointensity on T1-weighted images 
(three); bone erosion (two); fat (none); and mild enhancement 
on three of three cases in which gadolinium was administered. 
Although focal enhancement characterized cytomegalovirus 
and melanoma, and diffuse enhancement was seen in lym- 
phoma and granulomatous infection, these MR results were 
not specific for any of these lesions. The results indicate that 
in some cases, a detailed analysis of MR findings can suggest 
the diagnosis of a specific conus lesion; however, in other 
cases, the MR appearance is nonspecific. 


General Topics in Neuroradiology: Three-Dimensional 
MR Imaging and Bone Algorithm CT 


Three-Dimensional Brain Display with MPRAGE 


In a discussion of a study done by himself and G. Gillan 
(Newport Beach, CA), Michael Brant-Zawadzki presented an 
evaluation of the use of MPRAGE for volume and surface 
rendering of brain MR images. In this work-in-progress, the 
study group consisted of six patients (nine focal brain lesions); 
the lesions included meningioma, lymphoma, astrocytoma, 
metastases, abscess, and hematoma. MPRAGE imaging was 
performed, with the most notable parameters for the se- 
quence being the echo time of 4 msec, flip angle of 10°, and 
total acquisition time between 3 and 4 minutes; other param- 
eters included T1 of 250-500 msec, TR of 10 msec, field of 
view of 25 cm, and 200 x 256 matrix. The technique provided 
a rapid three-dimensional (3-D) pulse sequence—— with ac- 
ceptable signal-to-noise ratios on thin sections—that yields 
high contrast between CSF, gray/white matter, and lesion. In 
all cases, brain disease was shown clearly (as confirmed by 
surgical correlation); unenhanced images were best for brain 
surface rendering of ventricle and sulci, and contrast-en- 
hanced images were more helpful than the unenhanced im- 
ages in reconstruction of tumors and cortical veins. These 
investigators also found that, with this technique, the coronal 
orientation is the most useful and that subtraction of data 
sets allows semiautomatic rendering. In an acquisition time 
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of slightly more than 3 minutes, MPRAGE imaging can provide 
high-quality 3-D MR data sets for accurate surface and vol- 
ume rendering of brain structures. 


CT Determination of the Prevalence of Acquired Osseous 
Changes of the Temporomandibuilar Joint 


Joseph R. Thompson and E. L. Christiansen (Loma Linda, 
CA) used the excellent resolution of bony structures on bone 
algorithm CT to determine the prevalence of degenerative 
bone diseases in the temporomandibular joint (TMJ) in the 
general population. They studied the emergent CT scans of 
523 patients who had been selected by prospective inclusion 
(e.g., both temporomandibular joints scanned in EMI plane 
with bone algorithm technique and 3- or 4-mm slice thickness) 
and exclusion criteria (e.g., evidence of facial or mandibular 
trauma, need to rule out metastases, presence of open-mouth 
intubation, local tumor, history of metabolic bone disease). 
Degenerative changes as seen on bone aigorithm CT were 
graded from 0 to 3+ (3+ as marked changes}; the researchers 
looked for characteristics of such changes, including narrow- 
ing, remodeling, and spurring of joint space. Dr. Thompson 
reported that about 25% of all these patients showed evi- 
dence of acquired TMJ osseous change; this percentage 
increased with age, but such changes were seen in ail age 
groups (14 months to 96 years). Prevalence among female 
patients (78%) was higher than that among male patients 
(52%). Unilateral changes were seen in only 19% of patients; 
this decreased with age (i.e., older patients were more likely 
to have bilateral changes than were younger patients). How- 
ever, the researchers found no clear trend relating the severity 
of acquired TMJ disease to decade of life. CT bone algorithm 
proved to be an excellent method to screen for degenerative 
joint disease, and this study provides the most accurate data 
to date on the prevalence of acquired TMJ osseous changes 
in the general popuiation. 


Fast MR imaging: Special Session 


In a 70-minute special session moderated by William G. 
Bradley (Long Beach, CA), Norbert J. Pelc and Dieter R. 
Enzmann (both from Stanford, CA) reviewed the state of the 
art of fast MR imaging techniques. 

Dr. Pelc began by noting that the strategies for fast scan- 
ning are either to acquire more data per TR (e.g., EPI, fast 
spin-echo, or RARE techniques) or to reduce TR; and his talk 
concentrated on the latter. Three of the topics included in his 
discussion were gradient-echo effects, longitudinal magneti- 
zation effects, and transverse magnetization effects. Gra- 
dient-echo imaging with dramatically decreasing TR has al- 
lowed the reduction of image-acquisition time, which yields 
the advantages of increasing patients’ comfort, minimizing 
motion artifacts, and increasing clinic throughput. in compar- 
ison with spin-echo imaging, gradient-echo techniques re- 
verse gradient effects but do not reverse either chemical-shift 
or B, (i.e., susceptibility) effects. To overcome longitudinal 
magnetization effects when TR is much shorter than T1, a 
flip angle of less than 90° is usually used. A shorter flip angie 
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results in residual longitudinal magnetization that can be used 
for later sequences (what Dr. Pelc calls “managing longitudinal 
magnetization”). Transverse magnetization effects also must 
be considered as TR is decreased; a steady state of magnet- 
ization can be achieved by a train of sequences with a 
constant precession angle between sequences. The steady 
state also depends on the T1, T2 (generally a longer T2 
results in a greater signal), flip angle, and TR. In some 
sequences, this transverse steady state is spoiled to produce 
T1 weighting. Spoiling can be accomplished by variable gra- 
dient or RF pulses. In his conclusion, after comparing the 
sequential, interleaved, and three-dimensional (S-D) fast MR 
techniques, Dr. Pelc recommended the interleaved or 3-D 
method over sequential imaging when dynamic information is 
not needed, because these methods have better signal-to- 
noise ratios. 

Dr. Enzmann described some of the fast MR imaging 
techniques useful in the brain, nasopharynx, and spine. In the 
fastest technique (EP imaging), all lines in the k-space are 
obtained in one TR; in fast spin-echo (FSE) imaging, multiple 
(but not all} lines in the k-space are obtained per TR; and in 
gradient-recalled echo (GRE) imaging, one line in the k-space 
is obtained per TR, but the TR is very short. GRE imaging 
techniques may be spoiled (e.g., SPGR, MPSGR, and fast 
low-angle shot [FLASH]) or unspoiled (e.g., proton density- 
weighted, T2*-weighted, gradient-recalled acquisition in 
steady state [GRASS], and fast imaging with steady preces- 
sion [FISP]). The characteristics of T1-weighted GRE imaging 
of the brain include a short scan time, variable gray/white 
contrast, bright vessels, magnetization susceptibility effects, 
and decreased enhancement with gadolinium administration. 
On the other hand, although T2-weighted FSE images of the 
brain (TR = 3000-5000 msec; TE = 20/120-180 msec; 256 
x 256 matrix; two excitations) are also obtained in a short 
scan time, this type of imaging is less sensitive to magnetic 
susceptibility effects but is very sensitive to high-signal le- 
sions; flow artifacts may be a problem on these images, but 
patient motion artifacts are less frequent than on slower 
imaging techniques. For imaging the nasopharynx, tissue 
contrast is decreased on T1-weighted GRE sequences, and 
with these sequences, use of gadolinium contrast material 
requires use of fat-suppression methods. T2-weighted FSE 
imaging of the nasopharynx offers high sensitivity for high- 
signal lesions, but fat-suppression must be used because fat 
appears bright on these images. In spine imaging, T1- 
weighted GRE techniques result in decreased tissue contrast 
and marrow signal; magnetic susceptibility effects from bone 
may occur, and enhancement with gadolinium may be de- 
creased. Spine imaging is a good application for T2-weighted 
FSE techniques: This fast MR imaging is very sensitive to 
high-signal lesions in the cord (but has low sensitivity to 
lesions in vertebrae); magnetic susceptibility effects will be 
less of a problem than on GRE images. However, some CSF 
artifacts will be seen because T2-weighted FSE images lack 
flow compensation—this can be a significant disadvantage of 
FSE in the spine; also FSE images provide edges that are 
less clear because the spatial resolution is lower than that of 
conventional spin-echo imaging. Dr. Enzmann concluded that 
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FSE is very useful, but sometimes both regular spin-echo and 
FSE techniques are needed for the radiologist to make the 
best interpretation. 


Squamous Cell Carcinoma of the Head and Neck: Special 
Session 


H. Ric Harnsberger (Salt Lake City, UT) and William P. 
Dillon (San Francisco, CA) discussed the role of neuroradiol- 
ogy in the staging, treatment, and follow-up of squamous cell 
carcinoma (SCC) of the head and neck. Dr. Harnsberger 
emphasized that the neuroradiologist must involve both the 
surgeon and pathologist in the diagnosis in order to achieve 
useful results. The speakers approached the topic by talking 
in turn about each of the major sites of SCC in the head and 
neck: nasopharynx, oropharynx, oral cavity, hypopharynx/ 
larynx, and sinonasal. 

Nasopharynx SCC is the “oat cell carcinoma of the head 
and neck”: It is unrelated to smoking or drinking but is related 
to Epstein Barr virus; prevalence of this disease is highest 
among Chinese. According to the Manual for Staging of 
Cancer (American Joint Committee on Cancer), the staging 
of nasopharynx SCC is as follows: T1, limited to one subsite; 
T2, invaded one or more subsites; T3, invaded nasal cavity 
or oropharynx; and T4, invaded skull and/or cranial nerves. 
The three primary subsites are the posterior-superior wall, 
the lateral wall, and the inferior (anterior) wall. 

SCC of the oropharynx should be regarded as a separate 
entity from oral cavity SCC. In oropharyngeal SCC, the base 
of the tongue, the tonsil, and/or the pharyngeal walls are 
involved, and most cases result from drinking alcohol or 
smoking. In this cancer, the T1 stage represents a tumor 2 
cm or less in its greatest diameter; T2, a tumor larger than 2 
cm but smaller than 4 cm; T3, a tumor larger than 4 cm; and 
T4, a tumor that has invaded adjacent structures (e.g., bone, 
neck, extrinsic muscles of the tongue). The most common 
type of oropharyngeal tumor is tonsillar cancer; symptoms of 
this tumor include sore throat and occasionally referred otal- 
gia, and it can extend to the soft palate, tongue parapharyn- 
geal space, and retromolar trigone; lymphatic metastases of 
tonsillar cancer can occur in the upper cervical nodes and 
spinal access nodes. 

The most common head and neck tumors are oral cavity 
lesions, those on the tongue, buccal/gingival area, and floor 
of mouth. The staging is the same as for oropharyngeal 
tumors (except that adjacent structures for the T4 stage are 
bone, extrinsic muscles of the tongue, and maxillary sinus or 
skin). For imaging of suspected cancer of the tongue in an 
uncooperative patient, CT is recommended. If the patient is 
cooperative, MR imaging seems to be superior to CT in 
showing invasion of the tongue with primary tumor; imaging 
methods for nodal metastases in this area have not yet been 
evaluated prospectively, but contrast-enhanced MR imaging 
with fat suppression may be about as useful as CT. The 
biggest problem in imaging the neck is the bulk susceptibility 
artifact; changes in anatomic shape result in magnetic field 
inhomogeneity compounded by a shift in chemical spectra 
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and other problems. Possible solutions include using water 
bags to create homogeneous imaging volume, limiting cov- 
erage to a specific symmetric volume, or changing the plane 
of the section (the coronal plane may provide better-quality 
images); a very new technique, the three-point Dixon method, 
uses the changing-fat-to-water phase to yield better homo- 
geneity. 

In cancers of the hypopharynx and larynx, keeping the 
anatomic areas clearly distinct in one’s mind is important 
because the prognosis differs depending on the anatomic 
region involved. The glottis consists of the true vocal cords 
and the anterior commissure; the supraglottis consists of the 
false cords, aryepiglottic folds, epiglottis, and laryngeal sur- 
face of the arytenoid; and the infraglottis is below the true 
cords and inferior to the limit of the larynx. For this area, the 
staging of tumor depends on extension: TIS = carcinoma in 
situ; T1 = tumor confined to site of origin (no fixation of vocal 
cords); T2 = tumor extended beyond glottis (or supraglottis), 
cord mobility normal or impaired; T3 = tumor confined to 
larynx, cord fixation; T4 = tumor extended beyond larynx or 
thyroid cartilage. The radiologist needs to be aware of the 
Clinically blind areas in this region: preepigiottic, base of 
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tongue, cartilage and interarytenoid region, prevertebral fas- 
cia, and mediastinal neck nodes. Dr. Harnsberger once again 
stressed that interaction with the clinician is essential in 
interpreting images in these cases. For patients with hypo- 
pharyngeal tumor (piriform sinus, postcricoid region, and post- 
pharyngeal wall), the prognosis is poor because the first 
stages of disease are asymptomatic and the cancer is usually 
not found until an advanced stage; to find these tumors, it is 
important to look for a node in the neck. 

Maxillary sinus tumors are also staged by extension. Infra- 
structure vs suprastructure involvement distinguishes T1 from 
T2 tumors, respectively, at this site. The T3 stage is charac- 
terized by tumor invasion of the cheek, orbit, anterior ethmoid 
sinuses, and pterygoid muscles. Invasion of the cribriform 
plate, posterior ethmoidal sinuses, sphenoidai sinus, naso- 
pharynx, pterygoid plates, or skull base indicate the T4 stage 
of sinus tumor. 

The speakers stressed the importance of the neuroradiol- 
ogist in the staging, treatment, and monitoring of head and 
neck tumors. The take-home message was that there is no 
such thing as “impromptu” evaluation of the images of these 
patients; correct interpretation involves “a lot of thinking.” 
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Ruptured Pulmonary Hydatid Cyst and Folded 
Membrane on CT 


Pulmonary hydatid disease is a serious problem of woridwide 
importance. It usually has a wide range of radiologic features that 
must be distinguished from those of other benign or malignant lesions 
of the lung [1~4]. Hydatid cysts caused by Echinococcus granulosus, 
the common etiologic agent, are fiuid-filled cavities with an outer 
layer, the pericyst, and an inner layer, the endocyst [1, 2, 4]. Although 
most of these lesions cause no signs or symptoms until they rupture, 
a complicated cyst makes the diagnosis more difficult because both 
the clinical status and the radiologic appearances are changed 
[2-4], 

Ruptured cysts have several well-known features on chest radio- 
graphs, some of which are highly suggestive but not always specific 
[1, 2, 4]. One of them, the “water-lily sign,” is associated with a 
collapsed endocyst floating on top of the remaining fluid in a cavity 
[t, 4]. Although CT is a valuable imaging method for visualizing 
collapsed membranes, we describe a CT feature in three cases that 
probably is the counterpart of the water-lily sign seen on chest 
radiographs. 

Two of our patients, a 26-year-old woman and a 12-year-old boy, 
had spontaneous expectoration of salty fluid. The third patient, a 34- 





Fig. 1.—CT scan shows a huge 
cavity in left lower lobe with regular 
layering of hydatid endocyst in de- 
pendent part of cyst. Note also ate- 
lectasis of lungs and a shift of me- 
diastinum. 


Fig. 2.-CT scan at mediastinal 
window levels shows regular lay- 
ering of collapsed hydatid endocyst 
with small air bubbles captured be- 
tween folds of membrane. 
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year-old woman, had been admitted after an automobile accident. In 
the first two patients, conventional radiographs showed cavities with 
the typical water-lily sign. In the third patient, the findings on chest 
radiographs simulated those of an encysted hydropneumothorax. 

in all three patients, CT showed thin-walled cavities partly filled 
with air in the left lower lobe. Scans obtained at mediastinal window 
settings showed detached and regularly arranged membrane layers 
in the dependent part of the cysts (Figs. 1 and 2). The layers had the 
appearance of a folded blanket. In two cases, the presence of the 
cyst was confirmed at surgery. Slow retraction of the collapsing 
endocyst and nearly complete loss of cystic fluid may explain the 
uniform layering of the membrane within the cavities. Thus, the CT 
features seen in our cases are similar to the “membrane sign’ 
established by conventional tomography and bronchography [2]. 


Nigun Maden 

Orhan Oyar 

Umit Tekin 

Hadi Ozer 

Ege University Schoo of Medicine 
Bornova, izmir, Turkey 
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Pneumopyopericardium After Penetrating Chest 
injury 


Pneumopyopericardium is uncommon [1-3]. Its causes include 
trauma and perforation of an inflammatory or suppurative focus into 
the pericardium [1-3]. Since the introduction of antibiotics, the inci- 
dence of pericardial suppuration has markedly declined [3]. | report 
a case of delayed pneumopyopericardium complicated by cardiac 
tamponade that occurred after penetrating chest injury. 

A 25-year-old man was stabbed in the chest. Physical examination 
showed a 2-cm stab wound in the fourth intercostal space just to the 
left of the sternal border. A chest radiograph showed no abnormali- 
ties. The wound was sutured, and the patient was discharged. Three 


688 LETTERS 


Fig. 1.—Chest radiograph 
shows air-fluid level in pericardial 
sac. 





weeks later the patient was admitted to the hospital in critical condi- 
tion. He had a body temperature of 39.2°C, a thready pulse, and 
blood pressure of 80/60 mm Hg with a pulsus paradoxus of 20 mm 
Hg and a markedly elevated jugulovenous pressure. Auscuitation of 
the heart revealed diminished heart sounds with a “splashing” sound 
heard at the apex synchronous with the heart beat. ECG showed a 
sinus tachycardia of 100 beats per minute and diffuse elevation of 
the ST segment. A chest radiograph showed a pericardial air-fluid 
level (Fig. 1). The diagnosis was pneumopyopericardium with cardiac 
tamponade. At thoracotomy, grossly purulent pericardial fluid was 
found, which was drained externally. The patient's postoperative 
course was uneventful. 

Penetrating wounds of the heart usually cause laceration of both 
pericardium and myocardium [4], although laceration of the pericar- 
dium only may occur. Pericardial laceration is usually of no signifi- 
cance unless infection occurs. The resultant purulent pericarditis may 
not be suspected until cardiac tamponade occurs. Antibiotics alone 
are inadequate in the treatment of pericardial suppuration. The peri- 
cardial space can be drained percutaneously, but subxiphoid pericar- 
diotomy with thorough pericardial drainage is preferred [1-4]. 


Paul Marik 
Baragwanath Hospital 
Johannesburg, South Africa 
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Positive Predictive Values for Mammographically 
Detected Carcinomas 


The article by Bassett et al. [1] clearly shows that biopsy yield 
rates for mammography can be equal to those for clinical examination. 
in this study, masses detected with mammography were smaller than 
those detected by palpation because of the tautology that follows 
the clinical design (i.e., the clinician operated on palpable masses, 
and the mammographer examined impalpable abnormalities). It is a 
given that smaller masses can be detected with mammography than 
with an examining hand. 

A word of caution is in order. Biopsy yield rates or positive 
predictive values of a population that had surgery cannot be extrap- 
olated to a huge population of asymptomatic screened women. By 
determining the biopsy yield rates (positive predictive value) of a 
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subsegment of a population selected for biopsy and ignoring long- 
term follow-up of the whole popuiation, we now have a highly biased 
population. 

It is possible to produce biopsy yield rates that approach 100%. 
All that is needed is to restrict biopsy to those patients who have 
clear-cut signs of breast cancer. 

it is clear from the work of Swets et al. [2] that “expert readers” 
produce receiver-operating-characteristic curves for mammography 
that are essentially identical. That being the case, if these expert 
readers evaluated the same screened population, the positive predic- 
tive values could be different only if each reader chose to operate at 
a different point on the curve. If the motivation is to limit overcalis 
and thus increase the positive predictive value, well-established ma- 
lignant lesions will be detected. However, the reduction in false- 
positives must be accompanied by a concomitant reduction in true- 
positives. Failure to appreciate these basic fundamentals is what led 
to the enthusiastic adoption of thermography, and the subsequent 
rejection of it as a screening tool. 

Another factor that can alter the positive predictive value is the 
prevalence of the disease in the population being examined. If the 
true-positive rate of a test is 90%, achieved at a false-positive rate 
of 1%, in a screened population of 100,000 women who have 160 
cancers, the positive predictive value is 13%. If the number of cancers 
in that population were 250, the positive predictive value would be 
18%. These are approximations of the frequency of breast cancer in 
women 45 and 55 years old, respectively. 

it seems to me that it is not only irrational, but probably counter- 
productive, to embrace a single statistical parameter (in this case 
positive predictive value) and make it the driving force for what in fact 
should be a multifaceted medical decision-making task. 


Myron Moskowitz 
University of Cincinnati 
Cincinnati, OH 45267 
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Reply 


We thank Dr. Moskowitz for his insightful comments, particularly 
his words of caution against extrapolating biopsy yield rates from 
one surgeon’s practice to a huge population of asymptomatic 
screened women. It was not our intent to do so. Our purpose was 
to compare results of clinical examination and mammography in one 
breast surgeon’s practice in order to respond to the allegations that 
the use of mammography results in excessive numbers of unneces- 
sary biopsies [1]. in some practices in our community, biopsy is 
recommended for almost any mammographic abnormality, even when 
the abnormality has characteristically benign features. This better- 
safe-than-sorry approach is undoubtedly influenced by many factors, 
including lack of training and experience, medicolegal concerns, and 
failure to obtain follow-up results of recommended biopsies. 

Dr. Moskowitz expresses a legitimate concern that increasing the 
threshold for what we call abnormal (choosing a different point on 
the receiver-operating-characteristic curve) in order to increase the 
biopsy yield for carcinoma will increase the number of false-negatives. 
Does it follow that for mammograms of asymptomatic women, we 
should produce biopsy yield rates that are very low in order to pick 
up as many cancers as possible? Arguments against such an ag- 
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gressive approach include the increased anxiety, morbidity, and costs 
associated with these biopsies and, over time, decreased compliance 
of referring physicians with recommendations for biopsy—effects 
that may be detrimental to the acceptance of screening mammog- 
raphy [2]. A low threshold for interpreting the results of a two-view 
screening examination as abnormal can be maintained without com- 
mitting to a low excisional biopsy yield for carcinoma. This is because 
a complete workup of all women except those with obviously malig- 
nant abnormalities can greatly reduce the number of women who 
have excisional biopsy. The workup of women who have abnormali- 
ties found during screening includes appropriate additional mammo- 
graphic views, sonography, and, in some cases, fine-needie or core 
biopsies. 

What then is the ideal threshold for recommending biopsies, and 
what is the appropriate rate of carcinomas detected in these biopsies? 
Experts are far from a consensus about these issues. In the Breast 
Cancer Detection Demonstration Project, conducted nationwide in 
1973-1978, the proportion of recommended biopsies varied consid- 
erably; it was eight times greater in the most aggressive center 
compared with the least aggressive [2]. Reduction in mortality has 
been reported in large screening trials that did not use aggressive 
biopsy protocols. For example, one large population-based European 
screening trial achieved a 31% decrease in mortality in women invited 
to screening, with a biopsy yield of one cancer in two biopsies in the 
initial screening and three cancers per four biopsies subsequently 
[3]. On the other hand, a more aggressive approach to biopsies might 
further reduce mortality, and when used in combination with shorter 
screening intervals, might also be successful in reducing mortality in 
women less than 50 years old——-women in whom tumor growth rates 
are generally more rapid and for whom current screening strategies 
are not effective [4]. 

Finally, we concur that it would be irrational for radiologists con- 
ducting a large screening program to embrace a single statistical 
parameter, such as positive predictive value, and make it the driving 
force for the screening outcome. However, community-based radiol- 
ogists, who are performing the bulk of mammographic examinations, 
may not be able to access the data necessary to caiculate all 
statistical parameters, let alone apply the results meaningfully to their 
practices. Nonetheless, these same radiologists are under increasing 
pressure to establish a mechanism for auditing the results of the 
biopsies they have recommended [5]. These audits may be difficult 
to complete when biopsies are performed at various locations, some- 
times at clinics or hospitals remote from the facility where the screen- 
ing mammograms were performed. However, mechanisms for obtain- 
ing the results of surgical pathologic examinations of specimens from 
recommended biopsies can usually be worked out so that true- 
positive rates for biopsies can be derived. Arriving at valid false- 
negative rates is usually more difficult, sometimes impossible. There- 
fore, for many radiologists, the true-positive rate for biopsies may 
provide the most realistic value for comparing their results with results 
reported at continuing education courses and in the literature. Al- 
though far from perfect, this method does provide an opportunity to 
recognize inappropriate biopsy rates and make provisions for cor- 
recting deficiencies. It is hoped that the establishment of national 
computer networks and registries for cancer patients will eventually 
make it possible for all radiologists to access follow-up data on all 
their patients and will facilitate the computation of all recommended 
statistical parameters for their individual practices. 


Lawrence W. Bassett 

Tsung-Han Liu 

Armando E. Giuliano 

Richard H. Gold 

University of California, Los Angeles, School of Medicine 
Los Angeles, CA 90024-1721 
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Mammographic Appearance of Coumadin-induced 
Fat Necrosis 


A 36-year-old obese woman was admitted with a clinical diagnosis 
of deep venous thrombosis of the lower extremity. The patient was 
treated initially with heparin and subsequently with Coumadin (sodium 
warfarin). Two days later, edema and ecchymosis developed spon- 
taneously in the left breast. Physical examination showed that the 
left breast was much larger than the normal-sized right breast. A 
large ecchymosis involved the entire left breast and extended into 
the axilla. A 5-cm nonclotted blood-filled blister was present lateral to 
the areola, and a 5- to 6-cm area of induration was noted medial to 
the areola. The breast was tender to palpation. The prothrombin time 
was 24.6 sec (normal, 11.5-13.5 sec), which was within the thera- 
peutic range. A diagnosis of Coumadin-induced skin necrosis was 
made, and the Coumadin was discontinued. Subsequently, the blister 
ruptured, and the skin necrosis was treated with Neosporin (E. 
Fougera & Co., Melville, NY) dressings. At discharge, the patient was 
receiving subcutaneous heparin therapy. 

Two months later, the patient was referred for mammography 
because of a palpable mass in the left breast. Physical examination 
of the breast revealed a large firm mass at 8 o'clock and a large area 
of skin discoloration at 2 to 3 o'clock associated with several firm 
palpable nodules. A mammogram showed skin thickening lateraily 
and multiple oil cysts (fat necrosis) both medially and laterally in the 
left breast (Fig. 1). The oil cysts varied in size from less than 1 cm to 
2 cm. The distribution was superficial, corresponding to the areas of 





Fig. 1.—A and B, Craniocaudal {A} and oblique (8) mammograms of lef 
breast of a woman treated with Coumadin show skin thickening laterally 
and multiple oil cysts, indicating fat necrosis. 
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induration and skin necrosis described on the initial physical exami- 
nation. The right breast was normal. 

Anticoagulant-induced necrosis of the breast has been reported in 
numerous cases, but the mammographic appearance has been de- 
scribed in only four patients [1-3]. This rare complication usually 
occurs in middle-aged, obese women between the third and fifth days 
of treatment with the anticoagulant. The prothrombin time is almost 
always within therapeutic range (1.5-2.5 times normal control values). 
Proposed mechanisms include a direct toxic effect causing capillary 
rupture followed by thrombotic occlusion of the subcutaneous and 
subdermal veins, which leads to necrosis of the skin and subcuta- 
neous tissues [4]. Surgical debridement with skin grafting is some- 
times necessary. if the necrosis is extensive, a mastectomy may be 
required [4]. Other reported areas of involvement are the buttocks 
and thighs, areas of abundant subcutaneous fat. In patients receiving 
anticoagulants, it is important to distinguish idiosyncratic skin or fat 
necrosis from intraparenchymal hemorrhage, because the treatment 
and prognosis of each are different [4]. 

Karen S. Baker 

Carol B. Stelling 

University of Kentucky Medical Center 
Lexington, KY 40536-0084 
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The Postcricoid Impression on the Esophagus 


Dr. Dodds, in his superb article on swallowing [1], states that no 
large-sized veins are located behind the cricoid lamina that would 
explain the postcricoid impression on the esophagus noted on barium 
swallow examinations. In our article on the postcricoid impression 
[2], Fraser and | reported the results of injection studies used to 
confirm the presence of submucosal veins in the esophagus on its 
ventral aspect, at and just inferior to the posteroinferior margin of the 
cricoid cartilage (Figs. 1A and 1B). These veins of the upper esoph- 
agus were previously described and demonstrated in great detail by 
Butler [3], who stated that the ventral pharyngolaryngeal venous 
plexus lies in the esophageal submucosa and consists of one to five 
veins lying close to the midline. They are up to 4 mm in diameter and 
frequently are dilated because of varicosis. These veins are found in 
both sexes at all ages and must be regarded as a normal feature. 
The general direction of the veins is longitudinal, but they may be 
joined by many cross anastamoses. They are in the esophageal wall 
covering the dorsal surface of the cricoid cartilage and form two 
longitudinal masses on each side of the midline separated by a gap 
of 2-6 mm. Each half of the plexus is 2 cm wide. 

Fraser and | think that this submucosal venous plexus causes the 
postcricoid impression by indenting the esophageal lumen, so that 
when barium descends and distends the lumen, the mucosa pro- 
lapses over the venous indentation and produces a filling defect on 
the ventral surface of the barium column. This defect or impression 
is so constant in its position that it does not appear logical that it 
could be produced solely by prolapse of a mucosal fold without an 
underlying cause. 
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1A 1B 

Fig. 1.—Radiographs of two 
postmortem specimens show 
anatomy associated with postcri- 
coid impression on the esopha- 
gus. Cart. = cartilage. 

A, Anteroposterior view of up- 
per esophagus with postcricoid 
venous plexus injected with bar- 
ium. 

B, Lateral view of venous 
plexus. 

{Reprinted with permission 
trom [2].) 


Fig. 2.—Barium swallow 
shows streamlining of barium 
caused by postcricoid venous 
impression. 


Some films show streamlining of the barium column as the barium 
cascades downward over the venous impression (Fig. 1C). 

The impression was called postcricoid merely to describe its po- 
sition: just inferior and posterior to the inferior margin of the cricoid 
cartilage. 

As stated by Butler [3] and confirmed by others, including Seaman 
[4] and Clements et al. [5], the impression has no clinical significance. 
Radiologically, however, it may be mistaken for webs [2] or for a 
neoplasm [6]. 

R. G. Pitman 
West Vancouver, B.C., Canada V7S 2R1 
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Reply 


Dr. Pitman has questioned the opinion expressed by me and my 
colleagues [1] about the underlying cause of the postcricoid defect. 
His interest logically follows from the exquisite work he did investi- 
gating this area in 1965 [2]. His work, and that of others, leaves no 
doubt about the presence of a venous plexus posterior to the cricoid. 
We question, however, if these small veins are substantial enough to 
cause the appearance of a 5- to 10-mm mass protruding into the 
lumen during pharyngography. As described in the article by Butler 
[3], another venous plexus occurs on the dorsal aspect of the 
hypopharynx at the level of the inferior constrictor muscle. This dorsal 
plexus is of similar size, yet produces no recognizable mass effect 
on the barium column. 

We agree that the postcricoid defect is a common, benign finding 
that should not be mistaken for a more ominous process. We remain 
unconvinced, however, about the contribution of the underlying ve- 
nous plexus to account for this finding, and in our opinion, as stated 
in our article, the main cause is a mucosal plication. 

Wylie J. Dodds 
Medical College of Wisconsin 
Milwaukee, WI 53226 
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Latex Retention Balloon for Barium Enemas 


Anaphylactic reactions to latex retention balloons used for barium 
enemas are a growing concern. According to my recent experience 
in Japan, such retention balloons are rarely needed. in 200 barium 
enemas | performed, a balloon catheter (36-French Foley catheter 
with silicone balloon) was needed in only two cases. As a former 
radiology trainee in the United States and now a practicing radiologist 
in Japan, | think that retention balloons are overused in the United 
States. It may be that some radiologists have only retention catheters 
available in their departments or that some routinely use retention 
catheters because this is what they learned in their residency. Once 
the habit of using retention balloons is established, it may be difficult 
to do barium enemas without using the balloons. 

The use of latex retention balloon catheters involves added risk, 
extra cost, and extra discomfort for the patient. | encourage American 
radiologists to use such catheters less often. | think that they will find 
that barium enemas can be performed satisfactorily without using 
these devices. 


Yoichi Kikuchi 
Tsukuba Medical Center Hospital 
Tsukuba-shi, Ibaraki 305, Japan 


Visceral Calcifications in AIDS 


| read with interest a recent article by Towers et al. [1] reporting 
that widespread visceral calcifications in AIDS patients may be 
caused by infection with Mycobacterium avium-intracellulare (MAI) or 
cytomegalovirus rather than with Pneumocystis carinii. 

Recently an AIDS patient at the Jewish Hospital of St. Louis had 
visceral calcifications in the liver, spleen, kidneys, and abdominal 
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lymph nodes. Several months before admission, he had been treated 
prophylactically with aerosolized pentamidine for presumed P. carinii 
pneumonia. Specimens obtained at autopsy from the visceral organs 
in which calcifications were found all stained positive for MAI. Special 
staining showed no evidence of P. carinii. it was presumed that the 
calcifications were due to disseminated MAI infection. However, 
further pathologic testing of the tissues with a monocional antibody 
highly specific for P. carinii (Dako clone 3F6) showed widespread 
evidence of previous P. carinii infection throughout the specimens, 
even though no histologic evidence of P. carinii was present. Antibody 
specific for P. carinii antigen was associated with these calcifications. 
it was assumed that these calcifications were due to P. carini that 
had most likely undergone degeneration. MAI also was present in the 
organs, but not necessarily in regions of caicifications. 

Both patients presented by Tower et al. had been treated with 
aerosolized pentamidine. As was stated, dissemination of P. carinii 
may be associated with this regimen [2]. It was indicated that special 
Stains for P. carinii were used; however, no mention of antigen testing 
was made. If antigen testing was done, and the results were negative, 
then MAI or cytomegalovirus may have been the etiologic agent for 
the calcifications in these cases. However, if biopsy with special 
staining alone was used to determine previous infection with P. carinii, 
organisms may not have been seen, and it may have been faisely 
concluded that calcifications were due to other etiologic agents. 

Scott St. Amour 

The Jewish Hospital of St. Louis 

The Washington University Medical Center 
St. Louis, MO 63770 
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Reply 


We thank Dr. St. Amour for his letter drawing our attention to a 
specific monoclonal antibody immunohistochemical technique for 
demonstration of Pneumocystis carinii (Monoclonal mouse anti~Pneu- 
mocystis carinii, M778, Dakopatts A/S, Copenhagen, Denmark). We 
have obtained and applied this agent to multiple sections of liver and 
kidney from the patient we described [1] and aliso to the liver biopsy 
specimens from the second patient mentioned in the discussion. The 
sections and specimens were both negative for P. carinii, whereas 
control sections were distinctly positive. These results are consistent 
with our suggestion that visceral calcifications in AIDS may not always 
be due to P. carinii and that biopsy confirmation of the infectious 
agents is necessary. 

Mark J. Towers 

Cynthia E. Withers 

Paul A. Hamilton 

and colleaques 

Sunnybrook Health Science Centre 
University of Toronto 

Toronto, Ontario, Canada MAN 3M5 
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Ewing Sarcoma Manifested as Acute Abdomen 


We were interested to read a recent case of the day [1] in which 
a 15-year-old girl who had had chronic groin pain for 2 years was 
found to have a Ewing sarcoma of the superior pubic ramus. 

A 6-year-old girl recently was admitted to our hospital because 
she had had pain in the right iliac fossa, anorexia, and vomiting for 
24 hr. She had previously been well. She had tenderness with 
guarding in the right lower quadrant and miid leukocytosis. A diag- 
nosis of acute appendicitis was made, and laparotomy was per- 
formed. At surgery, the appendix was normal. However, a large 
hematoma was observed extending from the pelvis and displacing 
the bladder to the left. Subsequent plain radiography, radionuclide 
bone scanning, and contrast-enhanced CT scanning showed a lesion 
remarkably similar to that described by O'Connor et al. [1], but on 
the right side. Histologic examination confirmed the diagnosis of 
Ewing sarcoma. 

The most common manifestations of Ewing sarcoma are pain and 
swelling related to the bone involved. However, systemic signs and 
symptoms such as anorexia, intermittent fever, and malaise are not 
uncommon. Hemorrhage and necrosis, common histologic features 
of these tumors, may produce local pain, erythema, and increased 
temperature so that they mimic infection. Approximately 20% of 
Ewing sarcomas are situated within the bones of the pelvis [2], and 
it is not surprising that these tumors occasionally mimic an acute 
abdomen. Chronic abdominal or groin pain is probably the more 
common manifestation, but acute pain may be an indication and has 
been reported in a 39-year old woman [3] (i.e., well outside the 
characteristic age range for these tumors). 

W. W. Gibbon 

G. M. Roberts 

University Hospital of Wales 
Cardiff, United Kingdom 
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Sonography vs MR Imaging in Children Who Are 
Candidates for Liver Transplantation 


The recent article by Bisset et al. [1] is a welcome contribution to 
the sparse literature on MR imaging of children who are candidates 
for liver transplantation. However, the authors’ conclusion that MR 
should be the imaging technique of choice for these children merits 
comment. During the past decade, real-time sonography—with its 
more recent embellishments of spectral and color Doppler imaging— 
has been the hub for preoperative imaging of these children [2]. It 
would not be prudent to embrace MR as a replacement for sonog- 
raphy in this key role without thoroughly examining the evidence for 
recommending such a departure. 

Any attempt to compare the results of sonography with those of 
another imaging technique must take into account the immensely 
important operator dependency of real-time sonography. The infor- 
mation provided by mapping deep abdominal vesseis, identifying 
collateral vessels in portal hypertension, and detecting anomalies is 
directly related to the sonographer’s proficiency and to the effort 
expended in the search. Bisset et al. [1] acknowledge that operator 
error may have contributed to the relatively poor showing of sonog- 
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raphy compared with MR in their series. Let us examine some specific 
issues from their article. Only 21 of their 36 patients, “randomly 
selected, at the discretion of the sonographer" had Doppler assess- 
ment to determine the direction of portal venous flow. By definition, 
selection at the sonographer's discretion cannot be a random selec- 
tion. It is not clear if this haphazard approach affected the results, 
but we consider it essential to obtain the spectral Doppler waveform 
and determine flow direction in the portal vein of every candidate for 
liver transplantation if the comparison of sonographic and MR findings 
is to be credible. Failure to recognize interruption of the inferior vena 
cava, a preduodenal portal vein, or polysplenia on sonograms can 
occur only for want of careful attention. Their MR demonstration of 
siderotic intrasplenic nodules with no corresponding sonographic 
findings is noteworthy, but Bisset et al. [1] neglected to mention use 
of the lesser omental thickness/aortic diameter ratio [3] in sono- 
graphic detection of portal hypertension. 

Although it may be possible to measure the dimensions of the 
recipient's native liver more precisely with MR than with sonography, 
this provides no particular advantage in children. The size match in 
children is based on body weight, and reduction techniques are used 
if the donor liver is too large. The size of a partial liver graft depends 
on the size of the donor organ and is empirically determined during 
transplantation (Tzakis AG, personal communication). 

Portal veins less than 4 mm in diameter were a particular difficulty 
for Bisset et al. An expert sonographer should be able to detect 
portal veins 2 or 3 mm in diameter, although demonstration of the 
vessels may entail meticulous technique. The admittedly “preliminary” 
results of Bisset et al. raise questions about the consistency of the 
sonograms and do not substantiate the authors’ assertion that MR 
has eclipsed sonography for assessment of the portal vein. 

Our intent is not to minimize the capabilities of MR; on the contrary, 
we enthusiastically endorse the potential of MR for evaluating pro- 
gressive liver disease and suspected portal hypertension in children. 
However, children whose underlying disease has already been fully 
evaluated and who have been referred to a liver transplantation center 
need not then be subjected to a costlier examination (i.e., MR imaging) 
that may mandate sedation. Sonography is less expensive, rarely 
requires sedation, generally is quicker, entails little discomfort, and 
can accomplish the crucial objectives: (1) determination of patency 
and diameter of the extrahepatic segment of the portal vein; (2) 
detection of unsuspected abnormalities such as hydronephrosis that 
may need to be dealt with before transplantation; and (3) detection 
of an occult malignant neoplasm in the diseased native liver, a finding 
that places the child on the urgent transplant list. MR is an attractive 
alternative to angiography [4] if sonography does not satisfactorily 
define the extrahepatic portion of the portal vein or does not show 
patency of the superior mesenteric veins in children with portal venous 
thrombosis. 

A' Delbert Bowen 

Children's Hospital of Pittsburgh 
Gregory R. Applegate 

Emanuel Kanal 

The Pittsburgh NMR Institute 
University of Pittsburgh 
Pittsburgh, PA 15213 
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Reply 


We thank Dr. Bowen and his colleagues for their interest in our 
recent article on end-stage liver disease [1]. We recognize that they 
have a large experience with pre- and postoperative examination of 
candidates for liver transplantation. Therefore, their criticisms bear 
careful consideration. We would like to address several specific 
issues. 

First, Bowen et al. question our prudence in embracing MR imaging 
as a replacement for sonography. It was not stated, nor was it our 
intention, that MR should be substituted for sonography. We simply 
compared our data from the two techniques and concluded that MR 
provided more useful information for the management of children with 
end-stage liver disease. At Children’s Hospital Medical Center, we 
currently perform both sonography and MR in such children because 
the examinations provide valuable, complementary information. 

Bowen et al. focus on the immensely important operator depend- 
ency of real-time sonography. Certainly, this is emphasized in our 
article. We did not think it necessary to inundate the reader with this 
self-evident concept. Bowen et al. state that they “consider it essential 
to obtain the spectral Doppler waveform and determine flow direction 
in the portal vein of every candidate for liver transplantation.” It is not 
clear as to why they believe this. Certainly it is essential to show the 
size and patency of the portal vein. However, in any patient with end- 
stage liver disease (who is being considered for transplantation), 
information on the direction of portal venous flow may or may not be 
of significant clinical value. Bowen et al. also point out that we 
neglected to mention use of the lesser omental thickness/aortic 
diameter ratio. Brunelle et al. [2] found ratios of greater than 2:1 in 
only 52% of patients who had portal hypertension. In 30% of patients 
with documented portal hypertension, the ratios overlapped those of 
control subjects, ranging between 1:1 and 2:1 [2]. Therefore, this 
ratio is an extremely poor predictor of portal hypertension. The 
detection of intrasplenic siderotic nodules (detected readily by MR 
and not noted on sonography in our study) is very specific. 

Bowen et al. state that “an expert sonographer should be able to 
detect portal veins 2 or 3 mm in diameter.” However, in their own 
published series [3], the portal vein was identified in only 68% (26/ 
38) of patients before liver transplantation. In this same series, the 
inferior vena cava was visualized in only 74% (28/38). In six children 
in whom the authors were “not sure,” abdominal angiography was 
performed to define the anatomy [3]. Was this an operator-dependent 
inadequacy or lack of meticulous technique? In our population, in 
whom a diligent search was made to locate the portal vein by 
sonography, MR imaging was more sensitive. 

Bowen et al. also question the advantages of being able to measure 
the size of the native liver. As pointed out in our manuscript, not all 
patients had transplantation. Many of these patients were managed 
medically. Certainly, MR is superior to sonography for measuring liver 
volume [4]. This is related to a lack of spatial resolution and tissue 
differentiation on sonography. Determination of hepatic volume can 
be used for diagnosis of some diseases and for evaluation of re- 
sponses to therapy [4]. This in vivo estimation of volume also can be 
used to monitor liver perfusion after portosystemic shunt procedures 
[5]. In patients with hepatic neoplasms, the volume of the liver can 
be used as a parameter for estimating tumor growth rate [4]. These 
represent several advantages that have not been fully explored. 
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Our data were obtained before the application of color flow tech- 
niques. Certainly, with these advances, vascular anatomy and detec- 
tion of flow can be determined in even the smallest patients. We still 
think, on the basis of our data, that global anatomy (liver volume, 
collateral vessels, portal vein size, etc.) is better visualized with MR 
imaging. Although we still use sonography as our initial screening 
examination, we do not consider the workup of the child with end- 
stage liver disease complete without MR imaging. 

George S. Bisset III 

Janet L. Strife 

Children’s Hospital Medical Center 
University of Cincinnati, College of Medicine 
Cincinnati, OH 45229-2899 
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The Looking-Down View for Pelvic MR Imaging 


A significant advantage of MR is the ability to do multiplanar 
imaging. Previous reports [1-3] suggest that multiplanar imaging is 
desirable for diagnosis of pathologic changes in the pelvis, an area 
for which MR imaging is well suited. Baumgartner et al. [1] reported 
that off-axis imaging of the pelvis is helpful in showing the zonal 
anatomy of the cervix. We think that the off-axis view provides an 
additional perspective of the pelvis not obtained through conventional 
sagittal, coronal, or transverse imaging. It can be used to show the 
perineum, and the normal anatomy and pathologic changes in the 





Fig. 1.—Sagittal localizer MR image (SE 600/25). A line drawn from 
symphysis pubis to sacral promontory forms a 90° angle at pubic sym- 
physis. Diagonal lines show subsequent positions for imaging. 

Fig. 2.—“Looking down” MR image of pelvis shows perineum, vagina 
(1), air in the rectum (2), bulbospongiosus muscle (straight solid arrow), 
superficial perineal (Colle) fascia (open arrows), and vaginal artery branch 
of internal iliac artery (curved arrow). Deep margin of bulbospongiosus 
muscle identifies plane of inferior fascia of urogenital diaphragm. At 
surgery, a benign fibroma was found deep to urogenital diaphragm. 
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female pelvis. The resultant view permits a perspective for preoper- 
ative planning before gynecologic surgery such as myomectomy. We 
have termed this the pelvic “looking down” view. 

The technologist is instructed to define a line from the superior 
margin of the symphysis pubis to the sacral promontory in the sagittal 
projection. The angle formed between this line and the symphysis 
pubis should be approximately 90° (Fig. 1). The angle can be varied 
for slight differences in uterine axis or pelvic tilt as seen in the sagittal 
projection. T2-weighted spin-echo images are obtained by using a 5- 
mm slice thickness with a 2.5-mm interslice gap. This pulse sequence 
is chosen to maximize contrast between urinary bladder, uterus, 
ovaries, and other abnormalities that may be present, such as fibroids. 
The resultant image is displayed in a plane parallel to the short axis 
of the true pelvis and thus approximately parallel to the vagina and 
pelvic floor. Depending on the angle of the uterus (anteflexed, neutral, 
or retroflexed), the pelvic floor is seen from a surgical perspective, 
with the right adnexa on the observer's right and the left adnexa on 
the observer's left, as if the observer is looking down into the pelvis 
from above (Fig. 2). 

Unlike in the standard coronal plane, the relationship of adjacent 
structures in the anteroposterior dimension can be appreciated, so 
the view is a blend between a traditional transverse view and the true 
coronal plane of the pelvis. The vagina, vaginal fornices, region of the 
urogenital diaphragm, perineum, and pelvic floor musculature are 
visible. In addition, flow-void phenomenon from patent vessels may 
permit visualization of the uterine artery and the artery to the vagina 
as well as potential feeding vessels in patients with large uterine 
fibroids. The anatomic position of the uterine arteries permits appfox- 
imation of the position of the broad ligament. 

Allan M. Haggar 

Henry Ford Hospital 

Detroit, MI 48202 

Murray A. Howe 

Toledo Hospital Radiology Associates 
Toledo, OH 43623 
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Leiomyoma of the Urethra: Appearance on 
Transvaginal Sonography 


Leiomyoma of the urethra in women is a rare condition. To date, 
only 20 cases have been reported [1]. In all cases, diagnosis was 
made only after excision biopsy. We report a case in which the 
diagnosis was suspected before surgery because of the sonographic 
appearance. 

A 54-year-old woman complained of dysuria, which was attributed 
to a mass protruding from the urethral meatus. Physical examination 
showed a nontender mass 1 cm in diameter in the upper lip of the 
meatus. Voiding cystourethrography showed a dilated proximal ure- 
thra. Transvaginal sonography showed a 3.6- by 2.0-cm well-defined 
hypoechoic, homogeneous mass in the region of the urethra, which 
was not clearly identified. This mass was lobulated on the transverse 
view and round on the longitudinal view (Fig. 1). Because the sono- 
graphic appearance of the lesion was similar to the findings in patients 
with benign prostatic hypertrophy, a benign tumor of the urethra, 
such as leiomyoma, was suggested as the diagnosis. During surgery, 
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Fig. 1.—A and B, Transvaginal sonograms of urethral leiomyoma. Trans- 
verse image (A) shows a well-defined, hypoechoic, homogeneous mass. 
Urethra, which is not distinguishable, is located between probe and tumor. 
On longitudinal image (B), tumor has a more rounded appearance, and 
dilated proximal urethra is seen on left side of mass. 


the mass was located anterior to the urethra. Because the urethra 

was not invaded, the tumor could be easily removed. On gross 

examination, the cut surface appeared to be regular, with a slightly 

grayish tint. Microscopic examination confirmed the diagnosis of 
benign urethral leiomyoma. 

Jean L. Jorion 

Carl C. Pauls 

Michel Wacquez 

Michel Donnay 

Clinique St. Pierre 

1340 Ottignies-Louvain la Neuve, Belgium 


REFERENCE 


1. Ohtani M, Yanagizawa R, Shoji F, Fukutani K, Yokoyama M. Leiomyoma 
of the male urethra. Eur Urol 1982;8:372-373 


Accessory Occipital Ventricle 


The radiologic literature has little information on accessory occipital 
ventricles. A report by Hori et al. [1] described the results of a detailed 
investigation of small, separate, radiolucent structures seen at the tip 
of the occipital horn of the lateral ventricle on CT scans. Histologic 
studies established that the medial and lateral walls of the ventricle 





Fig. 1.—CT scan shows tear- 
drop-shaped, isolated right acces- 
sory occipital ventricle. 


Fig. 2.—CT scan of patient with 
intraventricular blood shows left ac- 
cessory occipital ventricle is se- 
questered. 
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in the occipital region may fuse, resulting in a sequestered portion of 
ventricle. The ependymal layer of the separated ventricle atrophies. 
The process is similar to that which leads to coarctation of the 
anterior horn of the lateral ventricle, although in this region, true 
sequestration does not occur. In the study by Hori et al., the preva- 
lence of this finding was 21.3% on CT scans, of which one third were 
bilateral, and 29.5% on autopsy specimens. In our own series of 450 
CT scans, the prevalence was 17%. 

Recognition of an accessory occipital ventricle is important be- 
cause it could be misinterpreted as a focal lesion, such as a lacunar 
infarct or a cysticercosis lesion. The shape of the accessory ventricle 
varies from round to oval or even triangular (Fig. 1). Intraventricular 
hemorrhage is a useful demonstration of the compiete separateness 
of the accessory ventricle (Fig. 2). 

In some instances, the accessory ventricle is opposite the tip of 
the contralateral occipital horn, so the natural assumption is that the 
accessory ventricle is a ventricular structure. More confusing, how- 
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ever, is the situation in which the accessory ventricie is isolated, with 
a short contralateral ventricle (Fig. 1). 

Although Hori et al. used the term accessory cerebral ventricle of 
the occipital lobe, we think that the phrase accessory occipital ven- 
tricle is accurate and concise. 

Milton E. Tobias 

Roger Scott 

Brenthurst Clinic 

Johannesburg 2000, South Africa 
Peter Goldschmidt 

Hillbrow Hospital 

Johannesburg 2000, South Africa 
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The New England Journal of Medicine 


Helicobacter pylori infection and the risk of gastric carcinoma. 
Parsonnet J, Friedman GD, Vandersteen DP, et al. (JP, HRP Bidg., 
Rm. 109A, Stanford University School of Medicine, Stanford, CA 
94305-5425). N Eng! J Med 325(16);1127-1131, Oct. 1991 


Background. Infection with Helicobacter pylori has been linked with 
chronic atrophic gastritis, an inflammatory precursor of gastric ade- 
nocarcinoma. In a nested case-control study, we explored whether 
H. pylori infection increases the risk of gastric carcinoma. 

Methods. From a cohort of 128,992 persons followed since the 
mid-1960s at a health maintenance organization, 186 patients with 
gastric carcinoma were selected as case patients and were matched 
according to age, sex, and race with 186 control subjects without 
gastric carcinoma. Stored serum samples collected during the 1960s 
were tested for IgG antibodies to H. pylori by enzyme-linked immu- 
nosorbent assay. Data on cigarette use, blood group, ulcer disease, 
and gastric surgery were obtained from questionnaires administered 
at enrollment. Tissue sections and pathology reports were reviewed 
to confirm the histologic results. 

Results. The mean time between serum collection and the diag- 
nosis of gastric carcinoma was 14.2 years. Of the 109 patients with 
confirmed gastric adenocarcinoma (excluding tumors of the gastro- 
esophageal junction), 84 percent had been infected previously with 
H. pylori, as compared with 61 percent of the matched control 
subjects (odds ratio, 3.6; 95 percent confidence interval, 1.8 to 7.3). 
Tumors of the gastroesophageal junction were not linked to H. pylori 
infection, nor were tumors in the gastric cardia. H. pylori was a 
particularly strong risk factor for stomach cancer in women (odds 
ratio, 18) and blacks (odds ratio, 9). A history of gastric surgery was 
independently associated with the development of cancer (odds ratio, 
17; P = 0.03), but a history of peptic ulcer disease was negatively 
associated with subsequent gastric carcinoma (odds ratio, 0.2; P = 
0.02). Neither blood group nor smoking history affected risk. 

Conclusions. infection with H. pylori is associated with an increased 
risk of gastric adenocarcinoma and may be a cofactor in the patho- 
genesis of this malignant condition. 


Prevention of postmenopausal osteoporosis: a comparative study 
of exercise, calcium supplementation, and hormone-replacement 
therapy. Prince RL, Smith M, Dick IM, et al. (RLP, University Dept. 
of Medicine, Sir Charles Gairdner Hospital, Nedlands WA 6009, 
Australia). N Eng! J Med 325(17)};1189-1195, Oct. 1991 


Background. Osteoporosis among older women is a major public 


health problem. We studied the effects of three approaches to the 
prevention of osteoporosis in women with low bone density. 


Review of Current Literature 





Methods. One hundred twenty postmenopausal women (mean [+ 
SD] age, 56 + 4) who were selected because they had low forearm 
bone density were enrolled in a double-blind, placebo-controlled, 
randomized study comparing the effects of an exercise regimen 
(exercise group, n = 41), exercise plus dietary calcium supplemen- 
tation (exercise—calcium group, n = 39), and exercise plus continuous 
replacement of estrogen and progesterone (exercise—estrogen group, 
n = 40). Periodically during the two-year study period, we measured 
the women’s bone density at three forearm sites, measured indexes 
of calcium metabolism, and recorded symptom scores. A comparison 
group of 42 women (mean age, 55.5 + 3.1) with normal bone density 
was also followed for two years. 

Results. Significant bone loss in the distal forearm occurred in the 
group with normal bone density (control group) and the exercise 
group (change, —2.7 percent and —2.6 percent of the base-line value 
per year, respectively). Bone loss at the distal forearm site was 
significantly lower in the exercise-calcium group (--0.5 percent of the 
base-line value per year), and bone density increased at this site in 
the exercise—estrogen group (+2.7 percent of the base-line value per 
year). Bone loss at the median forearm site was significantly lower in 
the exercise—calcium group (—1.3 percent of the base-line value per 
year) than in the exercise group (~2.4 percent), and bone density at 
this site increased significantly in the exercise—estrogen group (+0.8 
percent of the base-line value per year). Breast tenderness occurred 
in 47 percent of the women in the exercise-estrogen group but in 
only 20 percent in the other two treatment groups. Vaginal bleeding 
occurred at some time in 52 percent of the women who had not had 
a hysterectomy in the exercise~estrogen group, as compared with 
11 percent and 12.5 percent, respectively, in the exercise and exer- 
cise—calcium groups. 

Conclusions. in postmenopausal women with low bone density, 
bone loss can be slowed or prevented by exercise plus calcium 
supplementation or estrogen—progesterone replacement. Although 
the exercise~estrogen regimen was more effective than exercise and 
calcium supplementation in increasing bone mass, it also caused 
more side effects. 


Circulation 


Transvenous coronary ultrasound imaging: a novel approach to 
visualization of the coronary arteries. Sudhir K, Fitzgerald PJ, 
MacGregor JS, et al. (P. G. Yock, Box 0124, University of California, 
San Francisco, CA 94143-0124). Circulation 84(5):1957~1961, Nov. 
1991 


Background. Catheter-based ultrasound is a new imaging modality 
to examine endovascular detail in the coronary circulation. This 
technique requires direct placement of the catheter in the arterial 
segment of interest. 

Methods and Results. We examined the feasibility of a less invasive 
approach by imaging the coronary arterial circulation by using a 5F 


(30 MHz) imaging catheter placed in the cardiac venous system. 
Using simultaneous fluoroscopy, we studied anesthetized closed- 
chest dogs (n = 6) and human subjects undergoing right heart 
catheterization (n = 11). After cannulation of the coronary sinus, the 
circumflex coronary artery (Cx) was visualized from the great cardiac 
vein (GCV), and on advancing the catheter into the anterior interven- 
tricular vein (AIV), the left anterior descending artery (LAD) was 
identified. Where artery and vein were parallel to each other, circular 
cross-sectional images of the coronary artery were obtained, whereas 
oblique and transverse orientation of artery to vein produced ellipsoid 
images or long-axis images. In the dogs, ultrasound-determined 
cross-sectional area of the coronary arteries (4.81 + 0.18 mm’) 
correlated closely with angiography (4.77 + 0.21 mm?) (r = 0.91, p 
< 0.001). In humans, the Cx was readily visualized from the GCV in 
all subjects but because of anatomic variability, the LAD was seen 
less consistently from the AIV (73%). There was significant correlation 
between ultrasound-determined cross-sectional areas of the coronary 
arteries (8.25 + 0.34 mm’) with those from angiography (8.59 + 0.3 
mm*) (r = 0.82, p = 0.001) in humans. In all subjects, the ultrasound 
transducer could be safely advanced into the AIV to the cardiac apex. 
Limitations of the technique include ultrasonic penetration problems, 
caused in part by the large size of human coronary veins and 
variability in artery-vein relations. 

Conclusions. We conclude that transvenous imaging of coronary 
arteries with intravascular ultrasound is less invasive, promising new 
approach to the study of structure and morphology in the coronary 
vasculature. 


Dissolution of peripheral arterial thrombi by ultrasound. Ariani M, 
Fishbein MC, Chae JS, et al. (R. J. Siegel, Division of Cardiology, 
Rm. 5314, Cedars-Sinai Medical Center, 8700 Beverly Blvd., Los 
Angeles, CA 90048). Circulation 84:1680-1688, 1991 


Background. We have previously shown that continuous-wave 
ultrasound can rapidly dissolve human thrombi in vitro, with 99% of 
all residual particles measuring less than 10 um in diameter. To 
assess the effects of pulsed-wave ultrasound energy on whole blood 
clots, 1) in vitro studies were performed to assess precisely the rates 
of clot disruption and to quantify particulate size, and 2) in vivo 
studies were performed to assess the efficacy and safety of catheter- 
delivered ultrasound for intra-arterial thrombus dissolution. 

Methods and Results. In vitro, we studied 50 samples of human 
whole blood clots and, using an 89-cm-long wire probe, applied 
pulse-wave energies from 8 to 23 W. The corresponding peak-to- 
peak tip displacement range was 63.5-102 um. We studied arterial 
thrombosis in vivo in 21 canine superficial femoral arteries. To pro- 
duce an acute thrombosis, 200 units of thrombin followed by 2 ml of 
72-hour-old autologous clot were injected into a 5-7-cm segment of 
femoral artery and left to coagulate for 2 hours. Ultrasound energy 
was intermittently applied at a frequency of 20 kHz with a prototype 
ultrasound wire ensheathed in a catheter and directed to clots by 
fluoroscopy. In nine cases, angioscopic guidance was used to put 
the probe into direct contact with the intra-arterial thromboses. In 
vitro clot dissolution times were inversely related to the ultrasound 
power output (r = 0.95). All in vivo canine thromboses were disrupted 
in 4 minutes or less. All successful recanalizations were confirmed 
by angiography and in nine cases by angioscopy as well. Angioscopy 
demonstrated that probe activation caused rapid clot disruption. 
Histological studies of the vessels showed no evidence of thermal or 
cavitation injury, occlusive distal embolization, or perforation. 

Conclusions. Our findings in this experimental canine model sug- 
gest that ultrasound clot dissolution has the potential to be an 
effective and safe alternative to current treatment modalities for 
peripheral arterial thrombosis. 


Gastroenterology 


Value of transrectal ultrasonography in Crohn’s disease. Van 
Outryve MJ, Pelckmans PA, Michielsen PP, Van Maercke YM (MJO, 
Division of Gastroenterology, University Hospital of Antwerp, Ede- 
gem, Belgium). Gastroenterology 101:1171-1177, 1991 


Anorectal lesions are common and can develop silently in patients 
with Crohn’s disease. Transrectal ultrasound examinations were 
performed to study 40 healthy individuals and 40 patients with 


Crohn's disease. A rigid linear endorectal probe was used to examine 
the rectal wall, the perirectal tissues, and the anal sphincter. In healthy 
individuals, the rectal wall showed five layers with a total diameter of 
maximum 4 mm. The anal sphincter was clearly visualized as an 
echo-poor and sharply delineated structure. No pathological lesions 
were detected perirectally. In Crohn's disease, an enlargement of the 
rectal wall was seen in 16 patients and heterogeneity of the anal 
sphincter in 19 patients. This technique detected lesions missed with 
the routine proctological examinations: four pararectal abscesses, 
two pararectal fistulas, two para-anal abscesses, and one para-anal 
fistula. In all examined subjects, the anal sphincter increased in 
breadth during squeezing and in length during straining. It is con- 
cluded that transrectal ultrasonography sharply delineates the rectal 
wall and the anal sphincter at rest and under dynamic conditions and 
detects unknown abscesses and fistulas in the pararectal and para- 
anal tissues in patients with Crohn's disease. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Differences of pancreatic stone morphology and content in pa- 
tients with pancreatic lithiasis. Mariani A, Bernard JP, Provansal- 
Cheylan M, Nitsche S, Sarles H (HS, Unité de recherches de Physiol- 
ogie et Pathologie Digestives, U 315 INSERM, 46, boulevard de la 
Gaye, 13258 Marseille Cédex 9, France). Dig Dis Sci 36(11):1509- 
1516, Nov. 1991 


Pancreatic stones from 25 patients were compared by morpholog- 
ical and/or radiological examination. Twenty patients, mostly alco- 
holics, had calcified stones. Five (four nonalcoholic women) had 
radiolucent stones. Aspect and consistency of calcified stones varied 
from compact and resistant to coralliform and brittle but were identical 
in the same patient. In the coralliform type, organic fibrils with a 
diameter up to 10 um and a length up to a few centimeters were 
observed, strongly attached to mineral crystals. The lithostathine 
(formerly called pancreatic stone protein, PSP) content was estimated 
in each stone significantly lower in the populations with larger stone 
mass, compared to populations with small amounts of stones. Trans- 
parent stones were built up of an amorphous material solubilized at 
acidic pH and corresponding to degraded forms of lithostathine-S (S 
for secretory). In one patient, we followed over seven years the 
evolution of a radiolucent calculus. We observed that the radiolucent 
core occurred first, and was secondarily wrapped in a calcified shell. 
We conclude that morphological differences observed in this study 
among pancreatic stones suggest that different mechanisms have 
been involved in their formation. Among them, lithostathine transfor- 
mation into insoluble polypeptides may provide different types of 
protein aggregates, some of them being able to promote CaCO; 
apposition and others having no affinity for calcium. 


The Journal of Bone and Joint Surgery 


Osteomyelitis in patients who have sickle-cell disease: diagnosis 
and management. Epps CH Jr, Bryant DD III, Coles MJM, Castro O 
(CHE, Howard University College of Medicine, Ste. 512, 520 W St., 
N.W., Washington, DC 20059). J Bone Joint Surg [Am] 73-A(9):1281, 
Oct. 1991 


Fifteen patients who had sickle-cell disease and osteomyelitis 
(affecting thirty bones) were treated with operative decompression 
and parenteral administration of antibiotics between 1973 and 1988. 
Organisms were isolated on culture of specimens of bone from all 
fifteen patients. Parenteral antibiotic therapy was continued for a 
minimum of six weeks after operative decompression. The osteo- 
myelitis resolved in twenty-nine (97 per cent) of the thirty affected 
bones after follow-up ranging from two to fifteen years. 

With their compromised immune status and poor circulation of 
blood in bone, patients who have sickle-cell disease and osteomyelitis 
are prone to have complications. In our series, the complications 
included an adhesive pericapsulitis of the shoulder in two patients, 
avascular necrosis of the humeral head in one, and a pathological 
fracture of the femur in one. In four of the fifteen patients, chronic 
osteomyelitis persisted, but in three of the four, the infections of bone 
healed six to fourteen months after the initial operative decompres- 
sion. 
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Staphylococcus aureus was isolated on culture of specimens of 
bone from eight of the fifteen patients; Salmonella, from six; and 
Proteus mirabilis, from one. Although Salmonella has been cited as 
the principal causative organism of osteomyelitis in patients who have 
sickle-cell disease, in our experience Staphylococcus aureus was the 
most common infecting organism. Therefore, Salmonella may not be 
the most common cause of osteomyelitis associated with sickle-cell 
disease in all countries or in all areas of a particular country. 


Clinical Orthopaedics and Related Research 


Premature partial physeal arrest: diagnosis by magnetic reso- 
nance imaging in two cases. Gabel GT, Peterson HA, Berquist TH 
(HAP, Mayo Clinic, 200 First St. S.W., Rochester, MN 55905). Clin 
Orthop 272:242-247, Nov. 1991 


The management of premature physeal arrest requires accurate 
assessment of not only the location but also the extent of the bar. 
Numerous imaging techniques are available to evaluate the physis. 
Multiplanar tomography has proven to be the most precise method. 
The utility of magnetic resonance imaging (MRI) of physeal bars has 
not been demonstrated. This article presents MRI results in two 
cases of physeal bars. MRI provides a means of assessing physeal 
bar formation with an accuracy approaching that of multiplanar to- 
mography. In certain instances, its efficacy may exceed that of 
tomography, specifically when the physis cannot be properly oriented 
for tomographic evaluation, when more planes are desired, and when 
radiation exposure is thought to be excessive. With improvement of 
its capabilities and availability (which may also reduce cost), it may 
become the diagnostic imaging technique of choice. 


The Journal of Urology 


Tumors of the upper urinary tract: 10 years of experience. Charbit 
L, Gendreau MC, Mee S, Cukier J (LC, Dept. of Urology, Hopital 
Necker, Paris, France). J Urol 146:1243-1246, Nov. 1991 


We reviewed 108 patients with upper urinary tract tumors who 
underwent surgical treatment during a 10-year period (87 men and 
21 women with a mean age of 63.5 years). Of the tumors 97% were 
unilateral and only 3 patients had bilateral tumors. Two-thirds of the 
patients had a single tumor focus and a third had 2 or more tumor 
foci. Additionally, there were 31 patients (28.7%) with previous and/ 
or simultaneous bladder tumors. Nephroureterectomy was performed 
in 92 cases, nephrectomy in 6 and a conservative operation in 13. In 
65 cases lymphadenectomy was added. The survival rates at 5 and 
10 years were 67 and 65%, respectively. Of the patients 90% with 
cancer-related deaths had high grade tumors. Of the 15 patients with 
positive lymph nodes 87% died of metastasis compared io 8% of the 
50 patients with negative lymph nodes. Nine patients (8.7%) had 
relapse in the upper urinary tract, 6 (5.8%) in the ipsilateral ureter 
and 3 (2.9%) in the contralateral ureter. Of these 3 patients 2 had 
recurrent multifocal bladder tumors. For patients who present with 
an upper urinary tract tumor the risk of a bladder cancer was 
approximately 9% and that of a contralateral urothelial tumor was 
1%. 


The Journal of Pediatrics 


Interval between symptom onset and diagnosis of pediatric solid 
tumors. Pollock BH, Krischer JP, Vietti TJ (BHP, Pediatric Oncology 
Group Operations Office, 4949 W. Pine Blvd., St. Louis, MO 63108). 
J Pediatr 119:725-732, 1991 


Lag time (the interval between symptom onset and diagnosis) was 
described for 2665 children with lymphoma or a solid tumor who 
participated in Pediatric Oncology Group therapeutic protocols from 
1982 until 1988. Median lag time ranged from 21 days for neuro- 
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blastoma to 72 days for Ewing sarcoma. Significant differences in lag 
time were found among diagnostic groups (p < 0.001), even after 
adjustment for age, gender, and race. Age was significantly associ- 
ated with lag time for all diagnoses (p < 0.05) except Hodgkin 
disease. Girls had increased lag times for non-Hodgkin lymphoma (p 
= 0.02) but decreased lag times for Ewing sarcoma (p = 0.02). 
Differences in lag time related to race were significant only for children 
with osteosarcoma (p = 0.02), for which white children had longer 
lag times. Type of tumor and age were strongly associated with lag 
time. Within diagnostic groups, age, gender, and race failed to explain 
more than 16% of the variance in lag time, suggesting that other 
factors may play more prominent roles. Further study is necessary 
to identify these factors and to assess the relationship between lag 
time, stage of disease at diagnosis, and prognosis, especially before 
designing early-detection interventions for childhood cancer. 


The Journal of Nuclear Medicine 


Fast diagnosis of abdominal infections and inflammations with 
technetium-99m-HMPAO labeled leukocytes. Lantto EH, Lantto 
TJ, Vorne M (EL, Dept. of Radiology, Paijat-Hame Central Hospital, 
Keskussairaalankatu 7, SF-15850 Lahti, Finland). J Nucl Med 
32(11):2029-2034, Nov. 1991 


The diagnostic value of early °°"Tc-HMPAO-leukocyte images (2 
min, 0.5 hr, 2 hr and 4 hr) was studied in 87 prospectively performed 
investigations in 80 patients with a suspicion of abdominal inflam- 
mation or infection. Sensitivity, specificity and accuracy were 74%, 
85% and 77% in the 2-min scans, 88%, 81% and 86% in the 0.5-hr 
scans, 95%, 85% and 92% in the 2-hr scans, and 96%, 92% and 
95% in the 4-hr scans. Nonspecific bowel accumulation was seen in 
7% of patients at 2 hr and in 28% at 4 hr but was easily distinguishable 
from pathologic activity. The uptake in early images represents an 
active accumulation of granulocytes at the site of inflammation rather 
than nonspecific blood-pool activity judged by results of °™Tc- 
HMPAO-RBC imaging. We found that imaging within 2 hr from 
injection has a high diagnostic value, and that the activity accumulates 
in areas of infection and inflammation faster than in the intestinal 
background. 


Journal of Ultrasound in Medicine 


Gangrenous cholecystitis: new observations on sonography. Tee- 
fey SA, Baron RL, Radke HM, Bigler SA (SAT, Seattle Veterans 
Affairs Medical Center, 1660 S. Columbian Way, Seattle, WA 98108). 
J Ultra-sound Med 10:603-606, Nov. 1991 


We studied 25 patients with gangrenous cholecystitis and ob- 
served a new sonographic finding—striated thickening of the gall- 
bladder wall—and three patterns of pericholecystic fluid collections. 
Heterogeneous thickening of the gallbladder wall was characterized 
by either multiple striations (alternating hypoechoic and hyperechoic 
layers) or irregular mass-like protrusions projecting into the gallblad- 
der lumen. We observed striated thickening far more frequently (in 
10 of 25 patients) than other findings reported previously as being 
associated with gangrenous cholecystitis, such as intraluminal mem- 
branes (1 in 25 patients) and mass-like protrusions into the gallbladder 
lumen (1 in 25 patients). Although the sensitivity and specificity of 
this finding cannot be determined by our study, we believe that mural 
striations in cases of acute cholecystitis should raise the question of 
gangrenous changes. Additionally, we found that two subtypes of 
pericholecystic fluid collections (types II and Ill) were associated with 
gallbladder wall perforation and abscess formation more frequently 
than type | collections. 


Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Clinical Applications of MRI 


The Neurosciences Center and Dept. of Radiology, Muhlenberg 
Region Medical Center, Plainfield, NJ, and the Medical Technology 
Management Institute are sponsoring Clinical Applications of MRI: 
Neuro, Body, and Musculoskeletal, March 27-28, at the Trump Plaza 
Hotel and Casino, Atlantic City. The seminar will review the major 
state-of-the-art clinical applications of MR imaging. MR angiography 
will be discussed also. Course director: S. Howard Lee. Guest faculty: 
O. B. Boyko, B. Kneeland, H. V. Kressel, and G. K. Sze. Category 1 
credit: 12 hr. Fee (through March 1/after March 1): physicians, $295/ 
$325; fellows, residents, and technologists, $195/$225. Information: 
J. Ed Barnes, MTMI, P. O. Box 26337, Milwaukee, WI 53226; (800) 
765-6864 or (414) 774-2233. 


American Cancer Society National Conference on 
Gynecologic Cancers 


The American Cancer Society will present National Conference on 
Gynecologic Cancers, April 2-4, in Orlando, FL. The objective of the 
conference is to increase health professionals’ knowledge of the 
advances in gynecologic cancers, with specific attention to preven- 
tion, detection, staging and treatment, and quality of life. Category 1 
credit: pending. Fee (through Feb. 28/after Feb. 28): physicians, 
$200/$250; other health professionals, $100/$150. No fee will be 
charged for students, interns, residents, or American Cancer Society 
Fellows or Career Development Awardees. Information: Andy Can- 
non, Manager, Continuing Medical Education, American Cancer So- 
ciety, 1599 Clifton Rd., N.E., Atlanta, GA 30329-4251; telephone: 
(404) 329-7604; fax: (404) 636-5567. 


Ultrasound 1992 


The Dept. of Radiology, Brigham and Women’s Hospital, and 
Harvard Medical School will present the 17th annual postgraduate 
course, Ultrasound 1992, April 5-8, at the Westin Hotel, Copley 
Place, Boston. Special features will be a Basics of Ultrasound Day 
on April 5 and an Obstetrical Ultrasound Day on April 6. Program 
directors: Peter M. Doubilet and Carol B. Benson. Category 1 credit: 
27 hr. Fee: entire course: physicians, $550; residents, fellows, and 
technologists, $375; Basics of Ultrasound Day only, $150; Obstetrical 
Ultrasound Day only, $175. Information: Dept. of Continuing Educa- 
tion, Harvard Med-CME, P. O. Box 825, Boston, MA 02117; (617) 
432-1525. 
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Clinical Nuclear Medicine 1992 


Harvard Medical School and the Joint Program in Nuclear Medicine 
at the Beth Israel Hospital, the Brigham and Women’s Hospital, 
Children’s Hospital, Dana-Farber Cancer Institute, and the Brockton/ 
West Roxbury VA Medical Center will present the 16th annual 
postgraduate course, Clinical Nuclear Medicine 1992, April 13-16, at 
the Hyatt Regency Hotel, Cambridge, MA. Program director: William 
D. Kaplan. Category 1 credit: 25 hr. Fee: physicians, $550; residents, 
fellows, and technologists, $350. Information: Harvard Med-CME, 
P. O. Box 825, Boston, MA 02117; (617) 432-1525. 


Bone and Soft Tissue Tumors 


Mayo Foundation is sponsoring Bone and Soft Tissue Tumors, 
April 27-29, at the San Diego Hilton Beach and Tennis Resort, San 
Diego. This comprehensive review course will include clinical, radio- 
logic, and pathologic aspects of bone and soft-tissue tumors. Course 
director: Thomas C. Shives. Category 1 credit: 20.25 hr. Fee: $425. 
Information: Postgraduate Courses, Mayo Foundation, Section of 
Continuing Education, Rochester, MN 55905; (507) 284-2509 or (800) 
323-2688. 


Spring Roentgen Conference 


The New Orleans Radiology Society will present the 14th annual 
Spring Roentgen Conference, April 29-May 3, at the Westin Canal 
Place, New Orleans. A variety of topics will be covered. Guest faculty: 
R. Grossman, E. vanSonnenberg, B. McClennan, E. G. DePuey, J. 
Crues, D. Nyberg, J. Moorefield, and A. Proto. Category 1 credit: 18 
hr. Fee: $475. Information: Marty Landry, M.D., P. O. Box 19991, 
New Orleans, LA 70119; (504) 483-5863. 


Ultrasound 1992— Advances in Diagnostic Imaging 


Dartmouth-Hitchcock Medical Center, Lebanon, NH, will present 
Ultrasound 1992—Advances in Diagnostic Imaging, May 2. The 
conference is designed for practicing sonographers and physicians 
involved in diagnostic sonography. Emphasis will be on state-of-the- 
art obstetric, gynecologic, and abdominal Doppler imaging. Category 
1 credit: 7 hr. Fee: $75. Information: Dennis Seguin, RDMS, Dept. of 
Diagnostic Ultrasound, Dartmouth-Hitchcock Medical Center, Medical 
Center Dr., Lebanon, NH 03756; (603) 650-7450. 
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Symposium on Diagnostic Ultrasound 


The State University of New York, Health Science Center at 
Brooklyn, is sponsoring the 16th annual Spring Weekend Symposium 
on Diagnostic Ultrasound, May 15-17, at the Waldorf-Astoria Hotel, 
New York City. Category 1 credit: 17 hr. Fee: physicians, $450; 
residents, fellows, and technologists, $325. Information: Ms. Gloria 
Jorge, Box 1198, SUNY Health Science Center at Brooklyn, 450 
Clarkson Ave., Brooklyn, NY 11203; (718) 270-1603. 


Spanish Radiological Society National Congress 


The Interamerican College of Radiology is sponsoring the 21st 
National Congress of the Spanish Radiological Society (SRS), June 
1-5, in Seville, Spain. An international faculty will discuss the state 
of the art in osteoarticular, cardiovascular, neuroradiologic, pediatric, 
and general radiology in lectures and refresher courses. Category 1 
credit: 40 hr. Fee (through March 1/after March 1): SRS members, 
$358.75/$512.00; nonmembers, $461.25/$615.00. Information: Dr. 
Joaquin Fernandez Cruz, President of the Congress, c/o Antonia 
Diaz, 8 Acc. 41001, Seville, Spain; telephone: 01135 422-6919; fax: 
01135 421-1667. 


Workshop on Vascular Anomalies 


The Colorado Neurological Institute is sponsoring the 9th Interna- 
tional Workshop for the Study of Vascular Anomalies, July 1-3, at 
the Westin Hotel, Denver. Category 1 credit: 12.5 hr. Fee: $125. 
Information: Medical Education Resources, 1500 W. Canal Ct., Ste. 
500, Littleton, CO 80120-4528; (800) 421-3756 or (303) 798-9682. 


Faediatric Imaging Update 


The pediatric imaging subcommittee of the Royal Australasian 
College of Radiologists and the Australasian Society for Paediatric 
Imaging will present Paediatric Imaging Update, July 5-10, at the 
Radisson Royal Palms Resort, Port Douglas, Australia. Topics to be 
discussed include updates on pediatric imaging and recent advances 
in this field. F. Brunelle, Hopital des Enfants Malades, Paris, will 
address renal transplantation, MR imaging of brain malformations, 
biliary diseases, and interventional radiology. Program director: Mar- 
garet P. de Campo. Fee: $350. Information: Carlson Marketing Group, 
60 Albert Rd., South Melbourne, Victoria 3205, Australia; telephone: 
0011-61-3-690 1200; fax: 0011-61-3-699 6859. 


Course on Body Imaging 


Lovelace Medical Foundation and Lovelace Medical Center are 
sponsoring Body Imaging: Ultrasound, CT, MR, and Nuclear Medi- 
cine, July 13-17, at the Eldorado Hotel, Santa Fe, NM. Program 
director: Robert W. Jahnke. Category 1 credit (pending): 22.5 hr. Fee: 
physicians, $575; residents, fellows, and technologists, $400. Infor- 
mation: Dawne Ryals, Ryals and Associates, P. O. Box 1925, 
Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: (404) 552- 
9859. 


Diagnostic Imaging Update 


Stanford University Medical Center is sponsoring Diagnostic Im- 
aging Update: Body Imaging, Mammography, MRI, and Interventional, 
July 20-22, at the Ritz-Carlton San Francisco, San Francisco, and 
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July 23-26, at Quail’s Lodge, Carmel, CA. Program director: R. 
Brooke Jeffrey. Category 1 credit (pending): 10.5 hr. Fee: physicians, 
$350; residents, fellows, and technologists, $250. Information: 
Dawne Ryals, Ryals and Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Clinical Imaging for Non-Radiologists 


The University of California, San Diego, is sponsoring Clinical 
Imaging for Non-Radiologists, July 20-24, at the Hotel del Coronado, 
San Diego, CA. program director: David S. Feigin. Category 1 credit 
(pending): 18.5 hr. Fee: physicians, $425; residents, fellows, and 
technologists, $375. Information: Dawne Ryals, Ryals and Associ- 
ates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 
641-9773; fax: (404) 552-9859. 


MRI and Musculoskeletal Imaging 


Hoag Memorial Hospital Presbyterian is sponsoring MRI and Mus- 
culoskeletal Imaging, July 27—Aug. 1, at the Ritz-Carlton Resort Hotel, 
Laguna Niguel, CA. Program director: Michael Brant-Zawadzki. Cat- 
egory 1 credit (pending): up to 32 hr. Fee: physicians, $645; residents, 
fellows, and technologists, $395. Information: Dawne Ryals, Ryals 
and Associates, P. O. Box 1925, Roswell, GA 30077-1925; tele- 
phone: (404) 641-9773; fax: (404) 552-9859. 


International Skeletal Society Refresher Course 


The International Skeletal Society will present its 19th annual 
Refresher Course, Aug. 26-29, at the Stockholm Sheraton, Stock- 
holm, Sweden. Program director: Holger T. A. Pettersson. Category 
1 credit (pending): 28 hr. Fee: physicians, $475; residents, fellows, 
and technologists, $350. Members of the Society will not be charged 
a fee. Information: Dawne Ryals, Ryals and Associates, P. O. Box 
1925, Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: 
(404) 552-9859. 


International Course on MR Imaging 


The Depts. of Radiology, Medical Physics, and Medical Studies, 
Riyadh Armed Forces Hospital, are sponsoring the 3rd international 
course on MR imaging, Oct. 25-28. The course will provide an 
overview of MR technology and basic principles and current and 
future applications of MR imaging in the whole body. Current and 
potential applications of MR spectroscopy will also be discussed. 
Small group workshops will cover basic physics, neuroradiologic 
applications, and MR of the musculoskeletal and genitourinary sys- 
tems. Program chairman: H. D. Sharif. Program coordinators: M. 
Aabed, U. |. Miola, and M. Modic. Fee: physicians, 1000 Saudi riyals; 
medical staff in training, 500 Saudi riyals. Information: Dept. of 
Medical Studies, Armed Forces Hospital, P. O. Box 7897, Riyadh 
11159, Kingdom of Saudi Arabia; telephone: 966 1 477 7714, ext. 
2289 or 2269; fax: 966 1 477 7194 or 966 1 477 9168. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 1-2, 1992, and Oct. 14-15, 1993. Oral 
examinations will be held at the Executive West Hotel in Louisville, 
KY, June 1-5, 1992. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
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year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Executive 
Director, The American Board of Radiology, 2301 W. Big Beaver Rd., 
Ste. 625, Troy, MI 48084. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Preceptorships in Ultrasound at Johns Hopkins, times arranged, 
Baltimore (June 1991) 

Practicum in Breast Imaging, times arranged, Baltimore (Aug 1991) 
Advanced Seminars in Diagnostic Imaging, Feb. 27-March 1, 
Laguna Niguel, CA (Nov 1991) 

AFIP Neuroradiology Review Course, Feb. 29-March 1, Bethesda 
(Oct 1991) 

Masters Diagnostic Radiology Conference, March 1-6, Kauai, HI 
(Feb) 

Musculoskeletal Imaging, March 2-6, St. Thomas, Virgin Islands 
(Nov 1991) 

Magnetic Resonance Imaging, March 2-6, San Diego (Dec 1991) 
AFIP Neuropathology Review Course, March 2-6, Bethesda (Jan) 
Principles and Practice of Clinical MRI, March 5-8, Orlando, FL 
(Nov 1991) 

Tribute to Lasser and Amberg, March 7, La Jolla, CA (Feb) 

MRI Visiting Fellowships at UCLA, March 9-13, April 6-10, Sept. 
14-18, Oct. 5-9, and Dec. 7-11, Los Angeles (Sept 1991) 

Society of Computed Body Tomography and Magnetic Resonance 
Annual Course, March 9-13, Tucson (Jan) 

PET and SPECT Imaging of Living Brain Chemistry in Health and 
Disease, March 11-13, Baltimore (Dec 1991) 

Advances in Diagnostic Radiology, March 15-19, Sea Island, GA 
(Dec 1991) 

Practical Pediatric Imaging, March 15-20, Park City, UT (Nov 1991) 
Radiology in Southeast Asia and China, March 18-April 7, Singa- 
pore, Bangkok, Hong Kong, Beijing, Shanghai, and Guilin (Nov 1991) 
Head and Neck Surgery and Imaging, March 22-25, Snowmass 
Village, CO (Dec 1991) 

MRI Workshop in Hawaii 1992, March 22-27, Wailea, Maui (Dec 
1991) 

International Symposium on Recent Advances in Diagnostic Im- 
aging and Radiation Oncology, March 24-27, Kathmandu, Nepal 
(June 1991) 

Joint American-European Course in Davos, Switzerland, March 
29-April 3, Davos (Feb) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, April 1-2, Washington, DC (Dec 1991) 

Pediatric Radiology 1992, April 2—4, Philadelphia (Jan) 

Electronic Portal Imaging, April 3-4, Newport Beach, CA (Jan) 
Wisconsin CT Conference, April 3-4, Madison (Feb) 

AFIP Uroradiology Weekend, April 4-5, Washington, DC (Dec 1991) 
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General Radiology Review Course, April 5-10, Santa Monica, CA 
(Dec 1991) 

Advanced Mammographic Techniques and Interpretation, April 6- 
9, Southampton, Bermuda, (Feb) 

Residents’ Radiology Review Course, April 19-24, San Diego (Dec 
1991) 

Radiation Oncology Clinical Research Seminar, April 23-25, 
Gainesville, FL (Feb) 

Interventional Radiology, April 25, San Diego (Dec 1991) 
Radiology in Scotland, April 26-May 3, Edinburgh and St. Andrews, 
Scotland (Jan) 

Present Concepts in Radiology, April 28-May 1, San Francisco 
(Feb) 

Brachytherapy Symposium, May 1-2, Columbus, OH (Jan) 
Practical Interventional Radiology—1992, May 4-6, Cambridge, 
MA (Feb) 

MRI: A State of the Art Clinical Review, May 4-8, San Francisco 
(Jan) 

Advanced Seminars in Diagnostic Imaging, May 8-10, Laguna 
Niguel, CA (Jan) 

Radiology Review Course, May 10-15, Miami Beach, FL (Feb) 
International Symposium on Diagnostic Imaging, May 18-22, Bar- 
celona (Nov 1991) 

Doppler and Duplex Imaging, May 21-24, San Diego (Jan) 
Vanderbilt Sonography Symposium, May 22-23, Nashville (Jan) 
Spoleto Festival Update, May 28-30, Charleston, SC (Jan) 
Canadian Association of Medical Radiation Technologists 50th 
Anniversary Conference, June 7-12, Ottawa (Feb) 

Advances in Cardiopulmonary Imaging, June 11-13, Salzburg, 
Austria (Nov 1991) 

Concepts of Magnetic Resonance, June 20-26, Kiawah Island, SC 
(Feb) 

Pitt Summer Imaging Course, June 21-25, Williamsburg, VA (Feb) 
European Symposium on Uroradiology, Aug. 24-27, Herlev, Den- 
mark (Aug 1991) 

Congress of Asian Federation of Societies for Ultrasound in 
Medicine and Biology, Aug. 30-Sept. 3, Seoul, Korea (Feb) 
Ultrasound Angiography 92, Sept. 2-4, University of Southampton, 
United Kingdom (Feb) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 103, La Jolla, CA 92037-3218. 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 


Officers 


President: John A. Kirkpatrick, Jr. 
President-elect: A. Everette James, Jr. 
1st Vice-president: Andrew K. Poznanski 
2nd Vice-president: George R. Leopold 
Secretary: Joseph T. Ferrucci, Jr. 
Treasurer: Beverly P. Wood 


Executive Council: R. N. Berk, M. P. Capp, W. J. Casarella, 
N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. E. James, 
Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., G. R. Leopold, J. 
E. Madewell, T. C. McLoud, A. A. Moss, A. K. Poznanski, R. 
J. Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, R. J. Alfidi, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, Melvin M. Figley, 
C. R. B. Merritt, K. Valji, C. A. Rohrmann, Jr., W. J. Casarella, 
chairman 

Education and Research: R. R. Hattery, C. B. Higgins, B. J. 
Hilman, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. K. Gedgaudas-McClees, A. A. Moss, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 
Nominating: R. G. Evens, P. J. Fritzsche, A. A. Moss, chair- 
man 

Publications: E. Buonocore, C. R. B. Merritt, C. A. Rohrmann, 
Jr., W. J. Casarella, chairman 


Membership: J. E. Madewell, T. C. McLoud, A. A. Moss, K. 
H. Vydareny, chairman 


Representatives to Other Organizations 
American Board of Radiology: W. J. Casarella, J. A. Kirk- 
patrick, Jr., L. F. Rogers 


American College of Radiology: R. A. Gagliardi, J. E. 
Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Com- 
mittee 


American National Standards Institute: M. E. Haskin 





National Council on Radiation Protection and Measure- 
ments: F. D. Miraldi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 10-15, 1992, Marriott's World Cen- 
ter, Orlando, FL; April 25-30, 1993, Marriott San Francisco, 
San Franciso, CA 


Annual Meeting Committee: J. K. Crowe, N. R. Dunnick, R. 
R. Lukin, N. H. Messinger, R. J. Stanley, R. D. Steele, Jr., A. 
M. Landry, Jr., chairman 


Instructional Courses: Bruce L. McClennan, associate chair- 
man; R. J. Stanley, chairman 


Scientific Program: P. H. Arger, T. B. Hunter, D. Kushner, T. 
C. McLoud, L. B. Talner, J. H. Thrall, A. E. James, Jr., 
chairman 


Scientific Exhibits: J. R. Haaga, D. S. Hartman, R. G. Ram- 
sey, N. R. Dunnick, chairman 


ARRS Membership 


An application form is printed in the January issue of the 
Journal. For consideration at the 1993 ARRS meeting, send 
completed forms before February 1, 1993, to American 
Roentgen Ray Society, 1891 Preston White Dr., Reston, VA 
22091. Active members are graduates of an approved medical 
or osteopathic school or hold an advanced degree in an allied 
science. They must practice radiology or work in an associ- 
ated science in the United States or Canada and be certified 
by the American Board of Radiology, American Osteopathic 
Board of Radiology, or Royal College of Physicians of Canada 
or otherwise adequately document training and credentials. 
International members are foreign radiologists or scientists 
who are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8992. 
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American Roentgen Ray Society 92° Annual Meeting, Orlando, FL 





Join Your Colleagues at the 
92"° Annual Meeting of the 
American Roentgen Ray 
Society 


Dear Colleagues: 


I am pleased to extend an invitation to all radiologists to attend the 92nd annual 
meeting of the American Roentgen Ray Society in Orlando, FL, May 10-15, 1992. In 
keeping with ARRS tradition, we have planned another outstanding scientific pro- 
gram in a superlative location. 





From the more than 500 abstracts received, 189 scientific papers will be presented in 
A. Everette James, Jr. 17 scientific sessions devoted to all major body systems, angiography, interventional 
techniques, sonography and mammography, as well as technologies. Special empha- 

sis has been placed on discussion of new developments. 


N. Reed Dunnick and his committee have chosen more than 300 scientific exhibits encompassing all aspects of diagnostic 
radiology. These exhibits will be available for viewing in the exhibit hall from early morning until late at night, and awards will 
be presented for the best exhibits. Technical exhibits, encompassing medical book publishers, pharmaceutical manufacturers, 
medical software companies and other products of interest to the radiologic community will also be on display in the exhibit hall. 


One of the salient features of every ARRS meeting is the categorical course. This year’s topic is Neuroradiology, and moderator 
Michael Huckman has assembled an outstanding faculty to present the various aspects of this field. The categorical course will 
begin on Sunday, May 10, and continue through Thursday, May 14. 


This year for the first time, two Friday symposia will be presented. The first, entitled “Stat and Urgent Problems in Pediatrics,” 
has been developed in conjunction with the Society for Pediatric Radiology and will be moderated by William H. McAlister. 
The second symposium is entitled “New Issues Forum” and features three “hot” topics of interest to the radiologic community. 


Robert J. Stanley and Bruce L. McClennan have put together 60 superlative instructional courses with an outstanding faculty 
from across the country. There will be four Resident/Master Tutorials, with registration restricted to residents only. Robert H. 
Ackerman, AFIP Distinguished Scientist, will present an instructional course on cerebral vascular disease. 


In 1920 the ARRS established the Caldwell Lecture named after Eugene Caldwell, an early pioneer in roentgenology and 
president of the ARRS in 1908. I am pleased to announce that the 1992 Caldwell Lecture will be given by William J. Casarella. 
Dr. Casarella is a leader in the field of interventional radiology, and I am certain that his lecture will be a highlight of the 
meeting. 


Last year for the first time the Society presented a spouse/guest program featuring a medical topic. This program proved to be so 
popular that we have decided to continue the tradition. This year’s program will be entitled “Osteoporosis: Assessing the Risks.” 
Please tell your spouse or guest about this program and urge them to attend. Another innovation from last year that will be 
continued in 1992 is the Sunday night opening reception. Plan to attend again this year to meet and greet your colleagues. 


Last, but by no means least, Abner Landry and the Annual Meeting Committee with the assistance of Convention Planning 
Services, Inc. have put together an outstanding array of tours of the Orlando area, as well as our traditional golf and tennis 
tournaments. 


Marriott’s Orlando World Center is a beautiful, modern facility located just minutes from Disney World and the many other 
attractions in the Orlando area. The weather promises to be sunny and warm, golf courses abound, and the Atlantic Ocean is 
within an hour’s drive. I think you will agree with me that this meeting promises to be outstanding in every way. I look forward 
to greeting all of you in sunny Florida. 


Sincerely, 


A. Everette James, Jr. 
President-Elect 
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Meeting Format 

The annual meeting opens officially on Monday, May 11. 
However, the scientific program begins on Sunday, May 10, 
with a full day of the categorical course. The categorical course 
continues on Monday through Thursday afternoons. Also on 
Monday through Thursday, refresher courses are offered in both 


the early morning and late afternoon. Seventeen scientific 
sessions are offered on these days, grouped in parallel sessions 
so that registrants may choose topics related to their interests. 
During the opening ceremonies on Monday morning, award- 
winning papers from the ARRS and sister societies will be 
presented. On Wednesday morning, a special ceremony will 
include the Caldwell Lecture and presentation of Gold Medal 
Awards for distinguished service to radiology. The meeting 
concludes on Friday morning with two symposia. Scientific and 
technical exhibits are open Monday through Thursday. Consult 
the calendar on the following page for exact times for all of these 
programs. 


Accreditation 

As an organization accredited for continuing education, the 
American College of Radiology has certified that this continu- 
ing medical education offering meets the criteria for Category I 
credit. CME credit is given on an hour-for-hour basis for 
attendance at the scientific programs, instructional courses, 
categorical course and symposia. A certificate will be included 
with the registration material which the attendee may have 
signed by an ARRS staff member to acknowledge attendance at 
the meeting. Each attendee is responsible for keeping track of 
his or her own CME credit hours. 


Meeting Registration 

A meeting registration form is provided on page 711 of this 
issue, and this form may be photocopied. Follow the instruc- 
tions on page 712. Early registration is strongly suggested as 
enrollment in instructional courses is limited and course re- 
quests will be filled by date of receipt. Registrations will be 
accepted by mail or fax only until April 27. Following this date, 
all registration will take place on site. Fax registrations will be 
accepted only if accompanied by credit card information. No 
phone registrations will be accepted. Registration confirma- 
tions will be mailed. 


Official badges, program book, course tickets and other meeting 
material may be picked up at the ARRS Registration Desk at the 
Marriott Orlando World Center beginning on Saturday, May 9, 
at 1:00 p.m. Consult calendar for exact dates and times registra- 
tion desk is open. 


Cancellation 

Meeting registration fees will be refunded if cancellation is 
received in writing by April 27. Mail cancellation requests to 
American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. 
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Hotel Registration 

The American Roentgen Ray Society has negotiated a special 
rate of $150 per night, single or double, with Marriott’s Orlando 
World Center. See page 713 of this issue for a room reservation 
form. This form may be photocopied. Follow the instructions 
on the back of the form and mail it directly to the hotel. The 
deadline for receipt of hotel reservations is April 13. Reserva- 
tions received after that date are subject to availability. Do not 
mail the hotel registration form with the meeting registration 
form. Mailing these forms together may result in a delay in 
processing. 


Transportation 

United Airlines is offering special airfares for travel to and from 
Orlando from May 7 through May 18, 1992. Fares range from 
a 5% discount from any United available/applicable fare 
(MaxSavers and first class included) to a 40% discount off 
standard coach fares. For travel to and from Canada, United will 
offer published Canadian meeting fares in selected markets. 
This discount can be as much as 35% off normal coach fares. No 
discounts are permitted from Mexico, the Bahamas or the 
Orient. To obtain these special fares, call United toll free at 1- 
800-521-4041 between the hours of 8:00 a.m. and 11:00 p.m. 
EST and refer to Meeting I.D. #519LT. 


Delta Airlines is offering special fares for travel to and from 
Orlando from May 6 through 19, 1992. These fares are based on 
Delta’s published round-trip fares within the United States and 
San Juan, Puerto Rico, and range from a 5% discount off any 
published fare with certain restrictions to a 40% discount off 
unrestricted coach fare. Special fares are also available from 
Delta’s Canadian cities and Delta Connection carriers. To take 
advantage of these discounts, call Delta toll free at 1-800-241- 
6760 between the hours of 8:00 a.m. and 11:00 p.m. EST, and 
refer to File No. M0045. 


Alamo Rent A Car has been appointed the official car rental 
company for the 1992 meeting. Special discounted rates will be 
extended to meeting attendees. These rates are available one 
week before and after the meeting dates and include UNLIM- 
ITED FREE MILES. To make reservations call Alamo at 1-800- 


No Fee 
No Fee 
No Fee 
No Fee 
No Fee 
$250 

$ 25 

$ 75 

$ 15 
No fee 
$ 16-100 


ARRS member (all categories) 
Scientific Exhibitor 

Scientific Paper Presenter 
Technical Exhibitor 


Course Faculty 

Non-member physician 

Non-member physician-in-training 
Categorical Course (all attendees) 

ACR Luncheon Programs 
Spouse/Guest Program on Osteoporosis 
Social Programs 
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Calendar of Events 


Saturday, May 9 


1:00 - 5:00 


General Registration 


Sunday, May 10 


7:30 - 4:30 
10:00 - 12:30 
12:30 - 1:45 
1:45 - 5:45 
2:00 - 5:00 
7:00 - 8:30 


General Registration 

Categorical Course: Neuroradiology 
Lunch 

Categorical Course: Neuroradiology 
Discover Orlando* 

Opening Reception for all Registrants 


Monday, May 11 


7:00 - 4:30 
7:45 - 10:00 
8:00 - 9:30 
9:30 - 10:00 
10:00 - 12:30 
10:45 - 12:30 


11:00 - Evening 
30S 3 


General Registration 
Spouse/Companion Program on 
Osteoporosis* 

Instructional Courses 100 - 110 

Coffee Break in Exhibit Hall Foyer 
Opening Ceremonies and Presentation 
of Scientific Award Papers 

Scientific Sessions 

Golf and Tennis Tournaments 

Lunch (Including ACR Socio-economic 
Session) 


1:30 - 5:45 Categorical Course: Neuroradiology 

1:30 - 3:30 Scientific Sessions 

1:30 - 4:30 Discover Orlando* 

3:30 - 4:00 Coffee Break in Exhibit Hall Foyer 

4:00 - 5:30 Instructional Courses 111 - 115 

6:30 - 11:00 Church Street Station* 
Scientific Exhibits 7:00 a.m. - 11:00 p.m. 
Commercial Exhibits 9:30 a.m. - 4:30 p.m. 
Companions Hospitality Suite 8:30 a.m. - 1:00 p.m. 


Tuesday, May 12 


7:00 - 4:30 
8:00 - 9:30 
9:00 - 4:00 
9:30 - 3:30 


9:30 - 10:00 


General Registration 

Instructional Courses 201 - 210 
Kennedy Space Center* 

Historic Winter Park/Park Avenue 
Shopping* 

Coffee Break in Exhibit Hall Foyer 


10:00 - 12:30 Scientific Sessions 

12:30 - 1:30 Lunch (Including ACR Socio-economic 
Session) 
1:30 - 3:30 Scientific Sessions 
3:30 - 4:00 Coffee Break in Exhibit Hall Foyer 
3:45 - 5:45 Categorical Course: Neuroradiology 
4:00 - 5:30 Instructional Courses 211 - 215 

Scientific Exhibits 7:00 a.m. - 11:00 p.m. 
Commercial Exhibits 9:30 a.m. - 4:30 p.m. 
Companions Hospitality Suite 8:30 a.m. - 1:00 p.m. 


*Spouse/guest program. Pre-registration required. 


Wednesday, May 13 

7:00 - 4:30 General Registration 

8:00 - 9:30 Instructional Courses 301 - 310 

9:30 - 10:00 Coffee Break in Exhibit Hall Foyer 

10:00 - 12:30 Awards Session: Scientific Exhibit 
Awards, Gold Medal Awards, 
Caldwell Lecture 

10:00 - 4:00 Cypress Gardens VIP Tour* 

11:00 - 2:00 Magic of Ming* 

12:30 - 1:30 Lunch (Including ACR Socio-economic 
Session) 


1:30 - 3:30 Scientific Sessions 

3:30 - 4:00 Coffee Break in Exhibit Hall Foyer 

3:45 - 5:45 Categorical Course: Neuroradiology 

4:00 - 5:30 Instructional Courses 311 - 315 
Scientific Exhibits 7:00 a.m. - 11:00 p.m. 
Commercial Exhibits 9:30 a.m. - 4:30 p.m. 
Companions Hospitality Suite 8:30 a.m. - 1:00 p.m. 


Thursday, May 14 

7:00 - 4:30 General Registration 

8:00 - 9:30 Instructional Courses 401 - 410 

9:30 - 1:30 Leu Gardens/Jordan’s Grove* 

9:30 - 10:00 Coffee Break in Exhibit Hall Foyer 

10:00 - 4:00 Hot off the Set - Universal Studios 
VIP Tour* 

10:00 - 12:30 Scientific Sessions 

12:30 - 1:30 Lunch (Including ACR Socio-economic 
Session) 

1:30 - 3:30 Scientific Sessions 

3:30 - 4:00 Coffee Break in Exhibit Hall Foyer 

3:45 - 5:45 Categorical Course: Neuroradiology 

4:00 - 5:00 Membership Business Meeting 

4:00 - 5:30 Instructional Courses 411 - 415 

5:00 - 6:30 Exhibitors Post-Convention Reception 


Scientific Exhibits 7:00 a.m. - 6:00 p.m. 
(Note: Scientific Exhibits close today) 

Commercial Exhibits 9:30 a.m. - 4:30 p.m. 
(Note: Commercial Exhibits close today) 

Companions Hospitality Suite 8:30 a.m. - 1:00 p.m. 


Friday, May 15 
7:00 - 12:00 General Registration 
8:00 - 12:00 Symposium: Pediatric Radiology 
8:00 - 12:00 Symposium: New Issues Forum 


Scientific Exhibits Closed 
Commercial Exhibits Closed 
Companions Hospitality Suite 8:30 a.m. - 11:00 a.m. 
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Categorical Course 


Neuroradiology 
Sunday, May 10, through Thursday, May 14, 1992 


Michael S. Huckman, Director 
Derek C. Harwood-Nash, Co-Director 
Glenn S. Forbes, Co-Director 


Sunday, May 10 


10:00 - 10:30 
10:30 - 11:00 
11:00 - 11:30 
11:30 - 12:00 
12:00 - 12:30 
12:30 - 1:45 
1:45 - 2:15 
2:15 - 2:45 
2:45 - 3:15 
3:15 - 3:45 
3:45 - 4:15 
4:15 - 4:45 
4:45 - 5:15 
S:15 - 5:45 


Interpretation of Signal Intensity 
Changes in MRI of the Brain......Gado 
Imaging Strategies in Mass Lesions of 


De D en Kricheff 


The Current Role of Cerebral 
Angiography in Neuroradiologic 
GS soa Wolpert 
Clinical Indications for the Use of 
Magnetic Resonance Angiography 


The Roles of MR and CT in the 
Evaluation of Cerebral Trauma .. Lukin 


Lunch 

Where Is the Blood in the Brain and 
How OU D IC? nunaa, Hackney 
The Pituitary Gland: Bright Spots and 
Dark SOOS sarni Kucharzyk 
What Importance Should Be Attached 
to White Matter “Dots?”’............. Heier 


Coffee Break 
Lesions of the Skin and Brain .... Elster 
Imaging Correlates of Brain Tumor 


DUNO gaa Zimmerman 
The Many Faces of Meningeal 

PNMAROCIIONE se icsccccestess es aesiiees Sze 
Imaging of Brain Infections ......... Post 


Monday, May 11 


1:30 - 2:00 
2:00 - 2:30 
2:30 - 3:00 
3:00 - 3:15 
3:15 + 3:45 


Imaging Cervical Lymph Nodes... Som 
Neuroimaging in the 
Immunocompromised Patient. Ramsey 
The Role of the Radiologist in the 


Early Diagnosis of Stroke .......... Bryan 
Coffee Break 

Evaluation of the Seizure Patient 
III AOE EAIA EEE ERE IE IE EE Bronen 


3:45 - 4:15 An Algorithm for Imaging the Orbit 


EPEE PE EIEE PETE EOE TE Forbes 
4:15 - 4:45 Imaging of the Temporal Bone: MR or 
i i AE EEO EEA T Chakeres 
4:45 - 5:15 Imaging of the Cerebellopontine Angle 
ON OI AE E EESAN EPA ET E Hasso 
S:15 - 5:45 The Radiology of Endoscopic Sinus 
ELD ssa Mafee 


Tuesday, May 12 
3:45 - 4:15 Evaluating Back Pain in Children 
AERE OA CEEE Harwood-Nash 
4:15 - 4:45 Imaging of Hydrocephalus and Shunts 
PRIPRA OPARE E EEA OTEN Naidich 
4:45 - 5:15 Normal and Abnormal Patterns of 
Myelination in Children ...... Barkovich 
S:15 - 5:45 Conduct of Invasive Outpatient 
Neuroimaging Procedures ........ Kieffer 


Wednesday, May 13 
3:45 - 4:15 Multiple Sclerosis and Its Imitators 
PEE ER AARETE TE Brant-Zawadzki 
4:15 - 4:45 Image Correlation in Movement 


Era TE aA Rutledge 
4:45 - 5:15 Imaging the Aged and Demented 

POE a George 
S:15 - 5:45 Imaging Degenerative Disease of the 

DOIG ii Haughton 


Thursday, May 14 


3:45 - 4:15 Imaging of Postoperative Complications 


Of SOUS SULSETY cninn Davis 
4:15 - 4:45 Imaging of Cervical and Thoracic Disc 
DBC ASE: E AET Russell 


4:45 - 5:15 Distinguishing Benign From Malignant 
Changes in the Vertebral Column 
PEP PIERE dications Geremia 
XI = JA Ultrasound in Neuroradiology 
PPE EPAL P E E OIEA Quencer 
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Instructional Courses 


Robert J. Stanley, Chairman, Bruce L. McClennan, Associate Chairman 


Monday 


Tuesday 


Wednesday 


Morning Sessions 8:00 a.m. - 9:30 a.m. 


Thursday 





Residents/Masters Tutorial 


Technique & Technology 


Gastrointestinal Radiology 


Body Imaging/GU 


Body Imaging/CT, US, MRI 


Mammography 


Special Topics 


Nuclear Medicine 


Body Imaging/Ultrasound 


Musculoskeletal 


Pediatric Radiology 


Body Imaging/CT, US, MRI 


Angiography/Interventional 


Radiologic - Pathologic 
Correlation (special topics) 


101. Current Radiologic 
Approach to Thromboembolytic 
Disease. Athanasoulis CA 


102. Teleradiology and Digital 
Imaging. Templeton, AW 


103. Pitfalls in Plain Film and 
CT Analysis of the Mediasti- 
num. Glazer HS, Molina, PL 


104. Developmental Anomalies 
of the Pancreas and Biliary 
Tract. 

Schulte SJ, Rohrmann CA Jr. 


105. CT and MRI of the 
Retroperitoneum. 
Heiken JP, Brown JJ 


106. CT and US-Guided Biop- 
sies: Practical Approaches, 
Pitfalls and New Techniques. 
Charboneau JW, Reading CC 


107. Evaluation of the Altered 
Breast. 
Monsees B, Destouet, JM 


108. Re-emphasis on the Fun- 
damentals in Conventional 
Skeletal Radiology. 

Jacobson HG, Edeiken J 


109. Hepatobiliary Imaging: 
Pharmacologic Intervention. 
Fink-Bennett D, Juni J 


110. Transvaginal Sonography: 
New Applications. 
Fleischer AC, Emerson DS 


SR 
Afternoon Sessions 4:00 p.m. - 5:30 p.m. 


111. The Pelvis and Hip: Ana- 
tomic-Clinical Correlations. 
Pitt MJ 


112. A Practical Approach to 
Pediatric Abdominal Diagnosis. 
Wood BP, Parisi M 


113. CT, MR and US of the 
Subperitoneal Space: 
Predicting Pathways of 
Abdominal Disease. Gore RM 


114. Clinical Assessment of 
Vascular Disease: The 
Interventionalist’s Approach. 
van Breda, A 


115. Intraluminal GI US: 
Esophagus, Stomach, Pancreas, 
Biliary Tree and Rectum. 

Botet JF. Bree RL 


201. Intracranial Lesions. 
Gado MH 


202. Ultrafast CT Scanning: An 
Update. Sheedy P 


203. Interventional Techniques 
in the Chest. Westcott, JL 


204. Principles of Double 
Contrast Diagnosis Applied to 
Colorectal Cancer. Laufer I 


205. CT of Gynecologic 
Disease. Walsh, JW 


206. CT of Peritoneal Spaces 
and Ligaments. Balfe, DM 


207. Screening Mammography: 
Historical Perspectives and 
Current Concepts. Dershaw DD 


208. Medical Innovation: The 
Effect of Social/Technological 
Changes on Our Understanding 
of Cerebral Vascular Disease. 
Ackerman, RH, AFIP-DS. 


209. Imaging of Infection. 
Alazraki, NP 


210. Ultrasound Evaluation of 
the Acute Abdomen. 
Wilso 


211. Evaluation of the Sacrum 
and Sacroiliac Joints. 
Pope TL Jr., Brower AC 


212. Skeletal MRI in Children. 
Poznanski AK, Donaldson, JS 


213. Adrenal Masses: 
Correlative Imaging With CT, 
MRI and Nuclear Medicine. 
Korobkin MT, Francis I 


214. New Devices in Peripheral 
Vascular Intervention: 
Diagnosis and Therapy. 

Katzen BT, Becker, GJ 


215. Radiologic-Pathologic 
Correlation of GI Tract Tumor. 
Lichtenstein JE, Olmsted WW 


301. CT of Skeletal Trauma. 
Rogers, LF 


302. Advances in Abdominal 
CT Examination Techniques. 
Berland LL, Megibow, AJ 


303. Imaging of Lung Cancer: 
Staging and Biopsy Techniques. 
Sanders PC, Nath H 


304. CT of the GI Tract. 
Balthazar EJ, Birnbaum B 


305. CT and MRI of the Kidney. 
Newhouse JH, Amis ES Jr. 


306. Hepatobiliary Neoplasms. 
Ros PR, Buck JL 


307. The Abnormal 
Mammogram: Where Do We 
Go From Here? 

Rubin E, Dempsey PJ 


308. Near-Fatal Attraction: Our 
Tempestuous Love Affair With 
Radiation and X-rays From a 
Historical Perspective. 

DiSantis DJ 


309. Pulmonary 
Thromboembolism: Modern 
Perspectives. Coleman RE 


310. Ultrasound Evaluation of 
the Carotid and Vertebral 
Vessels. Bluth El 


311. Imaging of Bone Grafts 
and Joint Replacements. 
Murphey MD 


312. Radiology of the 
Diaphragm in Children and 
Adults. Robinson AE, Oh KS 


313. Imaging the Spectrum of 
Biliary Tract Disease. 
Baron RL, Campbell WL 


314. Angioplasty: Principles 
and Technical Advances. 
Saddekni S. 


315. How To Get Your 
Manuscripts Published Without 


a Hassle. Berk RN, Rose B, 
Cnillor K Vahi K 


401. Seeing With Sound. 
Leopold, GR 


402. Computer-Assisted 3-D 
CT Imaging: State of the Art. 
Fishman EK, Ney D 


403. Thin Section, High 
Resolution CT of the Lung. 
Pugatch RD 


404. Radiologic Evaluation of 


the Pharynx and Esophagus. 
Rubesin SE, Levine MS 


405. Renal Infarction, Infection 
and Venous Thrombosis. 
Bosniak, MA 


406. MRI of the Abdomen: 
Present Uses and Future 
Directions. Kenney PJ 


407. Current Concepts in 
Percutaneous Breast Procedures. 
Parker SH, Fajardo, LL 


408. Treatment of Acute 
Systemic Reactions to Contrast 
Media. Bush WH, Swanson DP 


409. Bone SPECT. 
Collier BD 


410. Imaging and Biopsy of the 
Prostate. 
Papanicolaou N, Tung G 





411. MRI of Joints. 
Kaye JJ, Potter HG 


412. CT and MRI of the 
Pediatric Chest. Siegel MJ 


413. Contemporary Imaging of 
the Malignant Lymphomas. 
Marglin SI 


414. Biliary Intervention: All 
You Ever Wanted to Know. 
Hawkins IF Jr., Caridi JG 


415. Arthropathies: Radiologic- 
Pathologic Correlations. 
Madewell, JE 
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Symposia and Special Programs 


Symposia 

Stat and Urgent Problems in Pediatrics 

(held jointly with the Society for Pediatric Radiology) 
William H. McAlister, Moderator 

Friday, May 15, 1992 


8:00 Sonography of Lower Abdominal Pain ........ Siegel 
8:30 Emergency Interventional Procedures in Children 
EAEI OAEIAE AIIE OR E E AETA Bisset 
9:00 Pediatric Trauma: Current Concepts in 
PLDGOMMIG! BABIN aorin Taylor 
9:30 Emergency Sonography in the Child 


si MAENEO EIE RIERA AAE EA Patriquin 
10:00 Break 
10:15 Cervical Spine Trauma: Current Concepts in 

MASINE oiin Swischuk 
10:30 Head Trauma: Current Concepts in Imaging 

diss aa AE PRAI AAE REE EAE ATE EAA Harwood-Nash 
11:00 Imaging of Emergencies in Immune 

Composed PaE niian Wood 
11:30 MR of Acute Musculoskeletal Injury............ Moore 


New Issues Forum 
Friday, May 15, 1992 


8:00 Economic and Political Challenges for 


Kadiologists mthe Isis Hillman 
9:00 The Interface of MR Imaging and 

SPACO iaa Kressel 
10:00 PACS: Overview of Clinical Importance and 

Technical Feasibility siisii Kangarloo, Dwyer 


ACR Luncheon Presentations 

The American College of Radiology will sponsor a series of 
luncheon talks on socio-economic issues Monday through 
Thursday, May 11-14, at 12:30 p.m. The $15 fee includes a 
box luncheon. 


Monday, May 11 Governmental Issues for Radiology 
Gary Price, ACR Director of 
Government Relations 

Practice Accreditation 
Robert J. Stanley, Chairman, 
ACR Commission on Standards 
and Accreditation 

Current Legal Issues in Radiology 
Thomas W. Greeson 
ACR Legal Counsel 

Update on ACR Activities 
James M. Moorefield 
Chairman, ACR Board of Chancellors 


Tuesday, May 12 


Wednesday, May 13 


Thursday, May 14 


Special Program 
Osteoporosis: Assessing the Risks 
Kay H. Vydareny, Moderator 


Monday, May 11, 1992 
7:45 - 10:00 a.m. 


In recent years osteoporosis has become a topic of major 
concern to women. A report from the U.S. Preventative 
Services Task Force states that an estimated 1.3 million 
osteoporosis-associated hip fractures occur each year in the 
United States. Up to 70% of fractures in persons aged 45 or 
older are attributable to osteoporosis. Most of these occur in 
postmenopausal women. 


The purpose of this program is to educate women about the 
indicators of the disease, options for diagnosis and the 
benefits as well as the risks associated with several treatment 
options available today. A panel of experts will conduct brief 
presentations, answer questions and identify ways to cope 
with the uncertainties and anxieties associated with this 
disease. 


Topics for discussion will include: 
Multiple risk factors 


Diet 

Smoking 
Exercise 
Calcium intake 
Low bone mass 
Gender 


$¢¢ 0% e. a 


Detection and diagnosis 


@ Radiologic techniques for measurement of 
bone mass 
@ Effectiveness of screening programs 


Prevention and treatment 


@ Options 
@ Risks 
@ Hormone therapy 


Join us at 7:45 a.m. for a continental breakfast, followed by 
the program at 8:00. There is no charge to spouses and guests 
of registered meeting attendees. However, space is limited, 
and pre-registration is required. 
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Local Activities 


he Orlando area offers a wide variety of leisure 

activities to visitors. The best-known of these, of 

course, is Disney World, which is located just 

minutes from our host hotel, Marriott’s Orlando 
World Center. Many of the area’s other attractions are easily 
accessible from the hotel via rental car or Gray Line bus 
shuttles. 


With the assistance of Convention Planning Services, Inc., we 
have planned several interesting and fun activities for our 
Own social program, and we have also arranged VIP tours of 
some of the major attractions. Descriptions of these tours are 
listed below. 


Prices for the events include transportation, meals where 
indicated, escorts and guides, and all entrance fees, taxes and 
gratuities. Prices do not include alcoholic beverages with 
meals. Use your own judgment in deciding which tours are 
appropriate for young children. Special rates are available for 
children for the Kennedy Space Center and Cypress Gardens 
tours. 


Reservations for the social program are limited. To avoid 
disappointment, send in the reservation form immediately. 
Reservations will be filled in the order in which they are 
received. Because guarantees are required for all events, 
reservations must be received by April 27. On Sunday, May 
10, from 1:00 to 5:00 p.m. and on Monday, May 11, from 
8:00 to 11:00 a.m., any remaining tickets will be sold at the 
meeting registration desk. These tickets may be sold at a 
slightly higher price. Fees will be refunded if cancellation is 
received in writing by April 27. Mail cancellation requests to 
American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. No cancellations will be accepted by 
telephone. The ARRS reserves the right to cancel an event if 
registration is insufficient. If an event is cancelled, refunds 
will be issued. 


Sunday, May 10 

Discover Orlando 2:00 - 5:00 p.m. 
This tour is a great way to begin your visit to the Orlando 
area and help you decide what activities you would like to 
pursue during the rest of the week. Find out what makes 
Orlando the United States’ number one tourist destination. 
The tour will highlight downtown Orlando, the “city beauti- 
ful.” Your guide will discuss the history of Orlando, its 
growth and many points of interest. You will tour Church 
Street Station and Market Plaza, offering a multitude of 
shops, restaurants and entertainment. Fee: $16. 





Enjoy the fun and excitement of Orlando’s attractions as well as the many 


fine amenities available at Marriott's Orlando World Center. 


Monday, May 11 

Osteoporosis: Assessing the Risks 7:45 - 10:00 a.m. 
In recent years osteoporosis has become a topic of major 
concern to women. The purpose of this program is to educate 
women about the indicators of the disease, options for 
diagnosis and the benefits as well as the risks associated with 
several treatment options available today. A panel of experts 
will conduct brief presentations, answer questions and 
identify ways to cope with the uncertainties and anxieties 
associated with this disease. Join us at 7:45 a.m. for a 
continental breakfast, followed by the program at 8:00. 
There is no charge to spouses and guests of registered 
meeting attendees. However, space is limited, and pre- 
registration is required. 


Golf Tournament 11:00 a.m. - evening 
The annual golf tournament will be held at Orlando’s Bay 
Hill Club. Owned and operated by Arnold Palmer, the Bay 
Hill Club is the site of the annual Nestle Invitational and has 
some of the most famous and challenging holes on the pro 
tour. Buses will leave the hotel at 11:00 a.m. following the 
Opening ceremonies. There will be a buffet lunch followed 
by a shotgun start. Participants must bring their own golf 
clubs and shoes. The fee includes transportation, luncheon, 
greens fees, cart, prizes and hors d’oeuvres and drinks 
following completion of play. Trophies and prizes will be 
awarded at this time, after which buses will return partici- 
pants to the hotel. Be sure to make reservations early, as the 
field will be limited to 100 players. Fee: $100. 
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Local Activities (Continued) 


Tennis Tournament 11:00 a.m. to afternoon 
The annual men’s and women’s tennis tournaments will be 
held at the courts at Marriott’s Orlando World Center. The 
fee of $50 includes luncheon, court fees, balls and prizes. 


Discover Orlando 1:30 - 4:30 p.m. 
A repeat of Sunday’s tour. See description on page 709. 
Fee: $16. 


Church Street Station 6:30 - 11:00 p.m. 

Let the good times roll at this exciting restaurant and shop- 
ping complex in historic downtown Orlando. Hear exciting 
Dixieland jazz at Rosie O’Grady’s Goodtime Emporium, 
sample exotic drinks at Apple Annie’s, savor exemplary 
cuisine and fine spirits at Lili Marlene’s or return to the 
romance and glamour of the °30s in the Orchid Garden 
Ballroom and Dessert Cafe. Dance to the hottest sounds at 
Phineas Phogg’s Disco or two-step and sample great BBQ at 
the Cheyenne Saloon and shop in style at the Bumby Arcade 
or Buffalo Trading Company. Sightsee and shop at Church 
Street Exchange with 130 shops and food marts and the 
Downtown Marketplace. Street entertainment and spontane- 
ity add to the fun of this evening. Dinner not included. 

Fee: $30. 


Tuesday, May 12 

Kennedy Space Center 9:00 a.m. - 4:00 p.m. 
The dream and commitment of space exploration is alive at 
the Kennedy Space Center. You will capture the spirit as you 
view the shuttle assembly building, launch pads, astronaut 
training facilities and rocket museums. A breathtaking film 
will be shown on a five-story IMAX screen. Ample time will 
be allowed for camera stops along the tour and for individual 
exploration among the exhibits and museums. Lunch not 
included. Fee: $30 adult, $25 children ages 3-11. 


Historic Winter Park/Park Avenue Shopping 

9:30 a.m. - 3:30 p.m. 

Originally envisioned as “a beautiful winter resort for the 
well-to-do people,” Winter Park is still the most desirable 
place to live in Central Florida, winter and summer. Begin 
the day by viewing the true beauty of Winter Park from an 
excursion boat as you cruise through the beautiful lakes and 
Venetian canals. Your guide will take you back in time and 
dazzle you with the magnificent homes and mansions that 
have lined the shores for the past 100 years. Next you will 
browse along Park Avenue and informally tour the “Little 
Europe” shopping district, a haven for boutique shoppers and 
gourmet palates. Enjoy the Morse Art Gallery with the 
largest collection of Louis B. Tiffany glass in the world. A 
private luncheon will be served in one of Park Avenue’s fine 
restaurants. Fee: $48. 
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Wednesday, May 13 

Cypress Gardens VIP Tour 10:00 a.m. - 4:00 p.m. 
Cypress Gardens is the home of the world’s most photo- 
graphed water ski show, combining daredevil excitement with 
artistry and laughter. Ski-jumping champions and hang 
gliders will provide the thrills, water clowns will provide the 
laughter and ballet aquamaids will perform with beauty and 
grace. Also included are a private boat tour of the lake and a 
tour through the lush gardens which give this attraction its 
name. Marvel at the more than 12 million blooming flowers 
and thrill to the vibrant panorama of exotic birds and animals, 
including the proverbial Florida gator. Lunch on your own. 
Fee: $42 adult, $36 children ages 3-9. 


Magic of Ming 11:00 a.m. - 2:00 p.m. 
This exclusive cooking class will give you a hands-on 
learning experience in the art of gourmet Chinese cuisine. 
The adventure begins as you prepare appetizers (complete 
with a spring roll competition!) and continues with a demon- 
stration of the secrets to successful stir-fry cuisine, followed 
by the unveiling of hand carved garnishes prepared by the 
official garnee chef. After a question-and-answer session, a 
gourmet Chinese lunch will be served. 

Fee: $43. 


Thursday, May 14 

“Hot off the Set” - Universal Studios VIP Tour 

10:00 a.m. - 4:00 p.m. 

You will be treated like a star as you are escorted into 
Universal Studios in a group of only 15 people to experience 
an hour-long studio tour. A VIP guide will escort you down 
the streets of New York, Hollywood and San Francisco and 
divulge many fun facts about your favorite movies. Lunch 
will be served, after which you will have three hours for 
leisure sightseeing and shopping. Fee: $58. 


Leu Gardens/Jordan’s Grove 9:30 a.m. - 1:30 p.m. 
Stroll along the meandering pathways of Harry P. Leu 
Botanical Gardens, through forests of camellias and avenues 
of giant camphors. Wind your way across gentle hills down to 
sparkling Lake Rowena. Relax among thousands of exotic 
flowers and plants. Leu Gardens is a pleasant interlude in a 
busy day. Following your visit to this exotic wonderland, you 
will be escorted to Jordan’s Grove for a relaxing luncheon. 
Jordan’s Grove is a restaurant located in a restored historic 
home situated on 3'/2 acres of land, where original recipes are 
created daily with only the freshest ingredients. Fee: $42. 





MEETING AND ACTIVITIES 
REGISTRATION FORM 


(Follow numbered instructions on reverse side) 





(1) 
Last Name First Name or Initials Title 
Address 
City State/Country Zip Code 
Home Telephone Office Telephone 
Spouse/Guest(s) 
(2) Registration Fees 
a. ARRS member (all categories) .. No Fee f. Non-member physician sirra $250 
b. PCIENHIG EXRIDMOL uagara No Fee g. Non-member physician-in-training .....$ 25 
Ñ: Scientific Paper Presenter .......... No Fee 
d. Technical EXMDITOT visiirisi No Fee (Signature of Program Director to verify in-training status) 
e. Course Faculty ssisisoircscisissisii No Fee Registration Fee (if any) $ 
(3) Refresher Course Enrollment A.M. Choices P.M. Choices 
Ist 2nd 3rd Ist 2nd 3rd 
Monday, May 11 (100 Series) 
Tuesday, May 12 (200 Series) 
Wednesday, May 13 (300 Series) 
Thursday, May 14 (400 Series) 
Friday, May 15 (Pediatrics Symposium) 
Friday, May 15 ( New Issues Symposium) 
(4) ___ I wish to take the Categorical Course on Neuroradiology (Fee: $75) $ 


(5) _ I wish to attend the ACR luncheons as checked ($15 each): LJ MON LJ TUE U wep U THU $ 


(6) ___ My spouse/guest will attend the Osteoporosis Program 


(7) Local Activities: 
a. Discover Orlando (Sunday, May 10) 
b. **Golf tournament (Monday, May 11) 
c. Tennis tournament (Monday, May 11) 
d. Discover Orlando (Monday, May 11) 
e. Church Street Station (Monday, May 11) 
f. Kennedy Space Center (Tuesday, May 12) adult admission 
youth admission 
. Winter Park (Tuesday, May 12) 
. Cypress Gardens VIP Tour (Wednesday, May 13) adult admission 
youth admission 


> OQ 


i. Magic of Ming (Wednesday, May 13) 

j. Universal Studios VIP Tour (Thursday, May 14) 

k. Leu Gardens/Jordan’s Grove (Thursday, May 14) 
(8) Total Payment Enclosed 


**Golf tournament registrants indicate handicap: Method of Payment: 


Foursome if desired and their handicaps 
Card Number 


Signature 


number of tickets 


Number of Tickets 
@$ 16 
@ $100 
@ $ 50 
@ $ 16 
@ $ 30 
@ $ 30 
@ $25 
@ $ 48 

___—@$ 42 
@$ 36 
@ $ 43 
@ $ 58 
@ $ 42 


$ 
$L | 
L Check (Made payable to ARRS) 
LJ MasterCard LJ Visa U Amex 


Expiration Date 
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92% Annual Meeting, Orlando, FL 


INSTRUCTIONS 


MEETING AND ACTIVITIES REGISTRATION FORM 
(Deadline: April 27) 


Print or type your name, address and telephone number. If your spouse or guest(s) will accompany 
you, please list their name(s) as well. The information in this section will be used for printed 
badges. 


Check the appropriate box and indicate the amount of payment required for your registration fee. 
Non-member residents please note: your training program director must sign in the place indi- 
cated in this section in order for you to receive the reduced registration fee. 


Review the Instructional Course listings on page 707, and indicate your first, second and third 
choices for each time period. Courses carry Category I CME credits on a hour-for-hour basis. 
General registration covers all courses with the exception of the Categorical Course, for which 
there is a separate fee for all attendees. 


Check this line if you wish to attend the Categorical Course on Neuroradiology and include $75 
in your total payment. 


Check the ACR luncheons you wish to attend and include fee of $15 for each in your total pay- 
ment. 


Indicate the number of complimentary tickets requested for the spouse/guest program on 
osteoporosis. 


Review the local activities outlined on pages 709-710 and indicate the number of tickets you wish 
to purchase for each event. Golf registrants please indicate your handicap and other members of 
your foursome if desired. Include the total amount for social activities in your payment. 


Total the fees in items (2) through (7) above, and indicate this amount and the method of payment. 
If you are paying by credit card, please indicate your card number and expiration date, and sign on 
the signature line. Send completed form and payment by April 27 to: 


American Roentgen Ray Society 
P.O. Box 2348 
Merrifield, VA 22116 


Make checks payable to American Roentgen Ray Society. 
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AMERICAN ROENTGEN RAY SOCIETY 


1992 ANNUAL MEETING 
May 10-15, 1992 
Marriott's Orlando World Center, Orlando, FL 


HOTEL REGISTRATION FORM 


(Refer to instructions on reverse side. Complete this form and return it directly to the hotel.) 


(1) 


Last Name First Name Title (Dr., Mr., Ms., etc.) 





Mailing Address 
City State/Country Zip Code 


Name(s) of additional person(s) sharing room 

(2) Arrival Date/Time Departure Date/Time 

(3) Room Categories (Circle Requested Room Size) Single $150 Double $150 
Special Room Requests: 


(4) RESERVATIONS WILL BE HELD UNTIL 6:00 P.M. UNLESS ACCOMPANIED BY A DEPOSIT OR AN 
ACCEPTED CREDIT CARD NUMBER AND SIGNATURE. 


Please hold my reservation for (check one): 6:00 p.m. arrival 


Guaranteed arrival by first night’s deposit (enclosed) 
Guaranteed arrival by credit card 


Deposit of one night’s rate $ 


(5) Method of Payment 
C Personal Check (made payable to Marriott’s Orlando World Center) 


Q MasterCard Q Carte Blanche J Diners Club Q Visa LÌ Amex E Discover 


Card Number Expiration Date 


For Guaranteed Reservations Only 
I understand that I am liable for one night’s room and tax which will be deducted from my deposit or billed through my credit 
card in the event that I do not arrive or cancel by 6:00 p.m. on the arrival date indicated. 


Signature 
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American Roentgen Ray Society. Eaa 92% Annual Meeting, Orlando, FL 


INSTRUCTIONS 


HOTEL REGISTRATION FORM 
(DEADLINE: APRIL 13) 


Reservations must be received by the Marriott’s Orlando World Center ARRS Housing Bureau by April 
13. Reservations after that date are subject to availability. Written confirmation of your reservation will 
be sent to you by the hotel. To change or cancel reservations, please call Marriott’s Orlando World Center 
directly at (407) 239-4200. One night’s rate is required as a deposit. 


Room assignments will be made in the order received by the hotel. We urge you to make your reservations 
promptly to be certain that you receive the room type you request. 


Check-in time is 4:00 p.m. Check-out time is 11:00 a.m. Accommodations may not be available if check- 
in is made before 4:00 p.m. 


d Type or print name, address and telephone number for any guest reservations. If you plan to share 
a room, please send in only one housing form. Be sure to list the names of all occupants of rooms. 
Assignment is delayed until complete information is received. 


List arrival and departure dates and times. 
Single and double rooms are available at a flat rate of $150. Circle the desired type of accommo- 


dation. If the room type requested is not available, the next available room type will be assigned. 
Children under 18 are free when sharing a room with an adult. 


GJ PO 


4 One night’s deposit is required, which will be applied to the last night of your scheduled stay. 
Enter this amount in the space provided. 


5 Indicate method of payment. You may send a check with this reservation form (made payable to 
Marriott’s Orlando World Center) or provide credit card information. The hotel accepts American 
Express, Diners Club, Carte Blanche, VISA, MasterCard and Discover. The deposit will hold your 
room until 6:00 a.m. of the morning following your scheduled arrival date. In the event of an early 
departure, the deposit is nonrefundable unless the hotel is notified prior to or at the time of check- 
in. Cancellation notice of 14 days is required for a deposit refund. 


Mail reservation and check, if applicable, to: 


ARRS Housing Bureau 
Marriott’s Orlando World Center 
One World Center Drive 
Orlando, FL 32821 





Classified Advertisements 


Positions Available 


SUPERB PARTNERSHIP POSITION IN LAS VE- 
GAS—Rapidly expanding 7-member group prac- 
tice covering 2 full-service imaging centers and a 
small hospital has an immediate opening. We are 
looking for an additional board-certified radiologist 
with an uncommon dedication to excellence in pa- 
tient care. Our outpatient facilities include 2 MR, 2 
CT, angio with a 4-bed recovery area, 5 ultrasound, 
5 mammography, 3 SPECT, plus R&F. This is an 
excellent opportunity for a partnership position with 
a well-respected group in a growing community. 
Please send CV to Dr. Mark Winkler, SDMI, 2950 
S. Maryland Pkwy., Las Vegas, NV 89109. 3-2ap 


BC GENERAL RADIOLOGIST—Established pri- 
vate group in western Massachusetts is seeking a 
general diagnostic radiologist with experience in 
CT, ultrasound, MRI, and nonvascular intervention- 
al procedures. Primary assignment is at an 800- 
bed teaching hospital with a radiology residency 
program. Practice also includes 3 community hos- 
pitals and 6 private offices. Full partnership after 1 
yr. Available by July 1, 1992. Interested candi- 
dates should send CV to W. Max Cloud, M.D., 130 
Maple St., Springfield, MA 01103. 3—5ap 


THE RADIOLOGIC GROUP OF NORTH JERSEY 
is seeking a BC radiologist with a fellowship or 
strong interest in pediatric radiology. This is a 7- 
member group with a fee-for-service arrangement 
at a 700-bed hospital and office. All diagnostic facil- 
ities are available. Send CV to F. Cushmore, M.D., 
703 Main St., Paterson, NJ 07503. 3-5ap 


RADIOLOGIST—Second radiologist needed for a 
54-physician multispecialty clinic located in the 
western Rockies. Experience or formal training in 
mammography a must. General radiologic proce- 
dures excluding CT and MRI. Offered salary and 
benefits generous. Four-season recreational op- 
portunities abound. City is home of University of 
Montana. Send CV to Administrator, Western Mon- 
tana Clinic, P.C., P. O. Box 7609, Missoula, MT 
59807. 3-4a 


MARYLAND—The Dept. of Radiology, University 
of Maryland Medical System/Hospital in Baltimore, 
is seeking additional faculty members for the sec- 
tions of pediatric radiology, ultrasound, nuclear 
medicine (double boards desired), GI, mammogra- 
phy, neuroradiology, trauma/critical care, and skel- 
etal radiology. Fellowship training or equivalent 
experience desired. ABR certification required 
where appropriate. The medical center is an 800- 
bed, acute-care hospital and tertiary referral center 
with an active and varied practice. The dept. per- 
forms over 200,000 exams/yr. A new affiliated VA 
hospital with 324 beds is now under construction 
and will be adjacent and connected to the Universi- 
ty in the spring of 1992. The duties of new faculty 
members will include research and teaching. Aca- 
demic rank and salary commensurate with experi- 
ence. The radiologists are organized as a 
professional corporation offering excellent fringe 
benefits. Baltimore is a superb place in which to 
live and work. It has all the amenities of a large 
metropolitan center, yet is small enough to avoid 
most of the problems (traffic, inflated property val- 
ues, etc.) of our largest cities. Washington, Phila- 
delphia, and New York are readily accessible and 
Ocean City, MD, is only 3 hr away. Submit CV to 
Gerald S. Johnston, M.D., Dept. of Diagnostic Ra- 
diology, 22 S. Greene St., Baltimore, MD 21201; 
(800) 866-8667, ext. 3477. This affirmative action/ 
equal opportunity employer encourages applica- 
tions from members of minority groups. 3ap 


NEURORADIOLOGIST—A 25-person radiology 
group in central New Jersey seeks a fourth neuro- 
radiologist well-versed in all neuroimaging modali- 
ties and procedures. Senior member status or 
eligibility in the ASNR is required. Practice includes 
2 450-bed hospitals, 3 offices, 3 MRI scanners, 5 
CT scanners, a radiology residency, and medical 
student teaching. Send CV to Richard Feinstein, 
M.D., c/o Kathy McGrath, Radiology Group of New 
Brunswick, 230 Old Bridge Turnpike, South River, 
NJ 08882. 3a 


HARTFORD, CT—Position available for board- 
certified radiologist to join an established group of 
8. Practice includes hospital and 4 private offices, 
all fully equipped including CT. Mammography ex- 
perience would be helpful. Competitive starting sal- 
ary and benefits. Please enclose CV with initial 
correspondence to Jeffrey Blau, M.D., 40 Hart St., 
New Britain, CT 06052; (203) 229-2059. 3ap 


CONNECTICUT, ANGIO/INTERVENTIONAL RA- 
DIOLOGIST—Opening in July 1992 for BC/BE ra- 
diologist with fellowship training in angiographic 
procedures. Additional training or experience in 
other interventional procedures is desirable. Nine- 
radiologist practice includes a 435-bed, university- 
affiliated, community hospital and a 57-physician 
multispecialty clinic. Approximately 107,000 ex- 
ams/yr, including MRI, CT, nuclear medicine, ultra- 
sound, and an active angiographic and inter- 
ventional service. Excellent salary and benefits 
leading to full partnership after second yr. For more 
information, send CV to David A. Lund, M.D., Dept. 
of Radiology, New Britain General Hospital, 100 
Grand St., New Britain, CT 06050. 3-6ap 


CONNECTICUT, NEURORADIOLOGIST—Open- 
ing in July 1992 for BC/BE radiologist with fellow- 
ship training in neuroradiology. Nine-radiologist 
practice includes a 435-bed, university-affiliated 
community hospital and a 57-physician multispe- 
Cialty clinic. Approximately 107,000 exams/yr in- 
cluding MRI, CT, nuclear medicine, ultrasound, and 
an active angiographic and interventional service. 
Excellent salary and benefits leading to full partner- 
ship after second yr. For more information, send 
CV to David A. Lund, M.D., Dept. of Radiology, 
New Britain General Hospital, 100 Grand St., New 
Britain, CT 06050. 3-6ap 


DIAGNOSTIC RADIOLOGIST, CONNECTICUT— 
Opening in July 1992 for BC/BE radiologist with ex- 
pertise in general radiology and mammography. 
Additional training or experience preferred. No an- 
giography or interventional experience is required. 
Nine-radiologist practice includes a 435-bed, uni- 
versity-affiliated community hospital and a 54-phy- 
sician multispecialty clinic. Approximately 107,000 
exams/yr including MRI, CT, nuclear medicine, ul- 
trasound, and an active interventional service. Ex- 
cellent salary and benefits leading to full part- 
nership after second yr. For more information, 
send CV to Paul C. Lakin, M.D., Dept. of Radiology, 
New Britain General Hospital, 100 Grand St., New 
Britain, CT 06050. 3-4ap 


DIAGNOSTIC RADIOLOGIST, KNOXVILLE, TN 
Opportunity for full-time or permanent part-time. 
Outpatient diagnostic center. All modalities. No in- 
terventional. No nights or weekends. Generous 
compensation. Abundant vacation time. Contact 
B. A. Schaefer, M.D., 601 Mulvaney St., Knoxville, 
TN 37915; (615) 525-7100. 3—5ap 





CHAIRPERSON, RADIOLOGY—The University of 
Cincinnati seeks applicants for the position of di- 
rector (chair) of the Dept. of Radiology. Individuals 
interested in being considered should send their 
CV to Donald Shumrick, M.D., Dept. of Otolaryn- 
gology, University of Cincinnati College of Medi- 
cine, 231 Bethesda Ave., Cincinnati, OH 45267- 
0528. Affirmative action/equal opportunity employ- 
er. We offer a smoke-free work environment. 3a 


NEURORADIOLOGIST—The Section of Neurora- 
diology of the Dept. of Radiology at Northwestern 
Memorial Hospital, Chicago, IL, is seeking a full- 
time staff member to participate in all clinical, edu- 
cational, and research activities, beginning on or 
before July 1, 1992. Applicants must have com- 
pleted an approved residency in diagnostic radiolo- 
gy, be certified by the American Board of Radi- 
ology, and be eligible for senior membership in the 
American Society of Neuroradiology. The applicant 
should have experience in all aspects of clinical 
neuroradiology; preference may be given to appli- 
cants with expertise in current MR applications or 
interventional procedures. A demonstrated interest 
in and facility for clinical research and teaching is 
highly desirable. Northwestern Memorial Hospital 
is an 800-bed general hospital in the N. Michigan 
Ave. area of Chicago (near Water Tower). The sec- 
tion of neuroradiology has 3 neuroradiologists and 
3 fellows (ACGME-approved fellowship). An active 
interventional neuroradiologic service is supported 
by an integrated clinical cerebrovascular service. 
Diagnostic equipment includes a new DFP 65 bi- 
plane 1024 matrix Toshiba DSA system with stereo 
fluoroscopic capabilities, 2 MR scanners with a 2- 
scanner acquisition in progress, and 3 GE 9800 CT 
scanners, all well-staffed with excellent ancillary 
personnel. Northwestern University is an affirma- 
tive action/equal opportunity employer. Hiring is 
contingent on eligibility to work in the United States. 
Salaries and benefits are maintained at high levels. 
Address inquiries and a current CV to Eric J. Rus- 
sell, M.D., Director of Neuroradiology, Northwest- 
ern Memorial Hospital, 710 N. Fairbanks Ct., Ste. 
3420, Chicago, IL 60611; (312) 908-2462. 3—4ap 


SPECIAL PROCEDURES RADIOLOGIST—Work 
with state-of-the-art CT and ultrasound equipment 
at our 654-bed, voluntary teaching hospital. We 
comprise 2 accessible campuses in Brooklyn near 
Manhattan, both fully modernized and positioned 
for health-care leadership. Candidates must be 
board-certified/eligible with prior special proce- 
dures experience. Residency program pending for 
7/92; fellowship desirable. Please forward CV to 
Philip J. Goldstein, M.D., Chairman of Radiology, 
The Brooklyn Hospital Center, 121 DeKalb Ave., 
Brooklyn, NY 11201. An equal opportunity employ- 
er committed to a smoke-free environment. 3a 


GENERAL RADIOLOGY STAFF POSITION—The 
Dept. of Radiological Sciences at Olive View- 
UCLA Medical Center has openings for staff posi- 
tions in general radiology and ultrasound. Candi- 
dates must be board-certified and eligible for 
certification in diagnostic radiology and should be 
eligible for licensing in the state of California. Inter- 
ested candidates should contact Issa Yaghmai, 
M.D., Professor and Chairman, Dept. of Radiologi- 
cal Sciences, Olive View—UCLA Medical Center, 
14445 Olive View Dr., Sylmar, CA 91342; (818) 
364-4078. The University of California, Los Ange- 
les, is an affirmative action/equal opportunity em- 
ployer. 3-6a 
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BODY IMAGING DIAGNOSTIC RADIOLOGIST— 
Young, progressive group in Washington, DC, area 
has position immediately available for a board-cer- 
tified diagnostic radiologist in an expanding and di- 
versified hospital and office-based practice with 
facilities in Maryland and Virginia. Our group cov- 
ers 1 hospital, 5 full-service private offices, and 2 
diagnostic centers for women. All imaging modali- 
ties represented, including 3 -Thompson, 6 CTs, 9 
ultrasound suites including color-flow, and an ISG 
3-D imaging workstation. Very attractive practice 
setting. Commitment to leading edge technology. 
Address inquiries and CV to Grant McClure, Radi- 
ology Imaging Associates, 7801 Old Branch Ave., 
Ste. 300, Clinton, MD 20735; (301) 856-6718. 3- 
5ap 


VETERANS AFFAIRS MEDICAL CENTER, AU- 
GUSTA, GA, is seeking a physician, board-eligible/ 
certified in radiology. Subspecialty interest in 
chest, skeletal, GI, or interventional radiology is de- 
sirable but not essential. This 1142-bed, tertiary- 
care medical center is affiliated with the Medical 
College of Georgia. Faculty appointment commen- 
surate with qualifications and experience. Augusta 
enjoys a moderate climate, reasonable cost of liv- 
ing, numerous recreational facilities, and institu- 
tions of higher learning. An equal opportunity 
employer. For additional information, contact 
George T. Jamarik, M.D., Chief, Radiology Service, 
(404) 823-2236. 3a 


INTERVENTIONAL RADIOLOGIST, ALBUQUER- 
QUE, NM—A well-established, 14-physician group 
has an immediate opening for a fellowship-trained 
vascular interventionalist. Initially, approximately 
40-50% of work time interventional; additional in- 
terventional volume as senior physicians phase 
down. Practice serves a major hospital in the 
metro area, 2 MRI centers, 2 outpatient centers, 
and 3 outlying facilities. All vascular interventional 
work at 1 location. Candidate must have ability/de- 
sire to perform both interventional and general ra- 
diology procedures. Strong desire to live and work 
in the southwest a must. Competitive compensa- 
tion package. Send CV with references to P. O. 
Box 7309, Albuquerque, NM 87194-7309. 3—4a 


NORTHERN CALIFORNIA—The Permanente 
Medical Group, Inc., is seeking a BC radiologist 
with multimodality interests and fellowship training 
in MR to join a 12-person group serving a 337-bed 
acute-care hospital and 2 outpatient clinics. Teach- 
ing opportunities are available with residents of 
subspecialty services on rotation from Stanford 
University Hospital, as well as our own medical res- 
idents. We have sited a GE 1.5-T MRI system. 
Competitive salary and excellent benefits. Please 
send inquiries and CV to Bruce Baker, M.D., Chief, 
Dept. of Radiology, Kaiser Permanente Medical 
Center, 900 Kiely Blvd., Santa Clara, CA 95051; 
(408) 236-4444. EOE. 3a 


BC/BE DIAGNOSTIC RADIOLOGIST—Opportu- 
nity to join a 3-person group in general radiology 
practice including all modalities (angio and inter- 
ventional limited at this point). Hospital-based with 
limited itinerant schedule. Generous salary leading 
to early partnership in professional corporation. 
Outstanding benefits with liberal fringes and vaca- 
tion. Wonderful, small midwestern community with 
great schools and bountiful cultural and recreation- 
al opportunities. Send CV to James P. Zachman, 
M.D., Radiology Dept., Rice Memorial Hospital, 
Willmar, MN 56201; (612) 231-4530. 3—5ap 


CLASSIFIED ADVERTISEMENTS 


ULTRASOUND RADIOLOGIST, PITTSBURGH, 
PA—A 14-member, private-practice group in a 
523-bed teaching hospital seeks a general diag- 
nostic radiologist with fellowship training to head 
the division of ultrasound. The dept. performs 
156,000 studies/yr (5636 in ultrasound), including a 
broad mix of abdominal, obstetrical, vascular, and 
small-parts exams. Position includes teaching res- 
idents and administrative responsibilities. Duties 
will also include some general diagnostic radiology 
assignments. Competitive salary and excellent 
benefits leading to partnership position. Send CV 
to B. A. Carlin, M.D., Diagnostic Imaging Associ- 
ates, 2041 Blvd. of the Allies, Pittsburgh, PA 15219. 
Sap 


THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY/MEDICAL COL- 
LEGE OF VIRGINIA, AND THE MCGUIRE VA 
MEDICAL CENTER, RICHMOND, VA, seek facul- 
ty for positions in diagnostic radiology (chest, Gl, 
mammography, CT/ultrasound/MR, musculoskele- 
tal, ER, angio/interventional, and neuroradiology). 
MCV is an 1058-bed facility and a Level 1 trauma 
center. The McGuire VAMC is an 800-bed facility. 
ABR certification or eligibility is required. Individual 
should have experience working in a culturally di- 
verse environment. Academic rank and salary 
commensurate with experience. For position de- 
scription, or to submit CV, write or phone A. V. Pro- 
to, M.D., Dept. of Radiology, MCV Box 470, 
Richmond, VA 23298-0470; (804) 786-7212. VCU/ 
MCV is an equal opportunity/affirmative action em- 
ployer. Women and minorities are encouraged to 
apply. 3-4a 


RADIOLOGIST—A 4-physician group seeks a fifth 
to join our well-established and growing practice. 
We are located in east-central Illinois, with a 4-yr 
college, Jr. college, and a farming economy en- 
hanced by numerous growing industries. We serve 
a rural but very modern 230-bed hospital ($25 mil- 
lion expansion underway) and several other sites, 
performing more than 80,000 exams/yr. Mattoon- 
Charleston is a great place to raise a family while 
still having access to big-city amenities. Please be 
BC/BE, skilled in interventional or MRI, and able to 
handle general diagnostic modalities competently. 
Please reply to Bruce Fluesmeier, Lakeland Radi- 
ologists, Ltd., 1221 Broadway, Mattoon, IL 61938; 
(800) 745-7701. 3-8ap 


FACULTY POSITION IN PEDIATRIC RADIOLO- 
GY, PENNSYLVANIA STATE UNIVERSITY, THE 
MILTON S. HERSHEY MEDICAL CENTER—The 
Pennsylvania State University, Dept. of Radiology, 
has an opening for an additional faculty member in 
pediatric radiology for July 1992. Fellowship train- 
ing in pediatric radiology and ABR-certification in 
diagnostic radiology are required. The position 
provides guaranteed academic time and opportuni- 
ty for research. The level of faculty appointment 
and salary will vary depending on the applicant's 
experience and training. The Pennsylvania State 
University Children's Hospital is a newly estab- 
lished, 135-bed children's hospital. There are cur- 
rently 3 practicing pediatric radiologists within the 
Pennsylvania State University Hospital Dept. of 
Radiology. Applicants should respond with a letter 
of interest and copy of their CV to Richard P. 
Moser, Jr., M.D., Chief, Diagnostic Radiology, 
Dept. of Radiology, The Pennsylvania State Uni- 
versity, Milton S. Hershey Medical Center, P. O. 
Box 850, Hershey, PA 17033; (717) 531-8039. 
Pennsylvania State University is an affirmative ac- 
tion equal opportunity employer. Women and mi- 
norities are encouraged to apply. 3xa 


AJR:158, March1992 


CHIEF OF SECTION AND SECTION MEMBER, 
ANGIOGRAPHY/INTERVENTIONAL RADIOLO- 
GY, MEDICAL COLLEGE OF VIRGINIA, DEPT. 
OF RADIOLOGY—An excellent opportunity is 
available for a dynamic individual interested in 
building an outstanding program already estab- 
lished on a strong foundation. Currently there are 
2 full-time faculty members in the section plus the 
services of additional faculty members equaling a 
third full-time faculty equivalent. We are seeking to 
add another fellowship-trained, full-time junior fac- 
ulty member and a section chief to form a 5-faculty 
section in charge of angiography/interventional ra- 
diology at the Medical College of Virginia and its af- 
filiated Hunter Holmes McGuire VA Medical Center. 
Together the 2 institutions comprise 1800 beds. 
ABR certification or eligibility required. Individual 
should have experience working in a culturally di- 
verse environment. Academic rank and salary 
commensurate with experience. Anyone interest- 
ed should send CV to or phone Anthony V. Proto, 
M.D., Professor and Chairman, Dept. of Radiology, 
P. O. Box 470, Richmond, VA 23298-0470; (804) 
786-7212, fax (804) 371-6129. VCU/MCV is an 
equal opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 
3—4a 


DIAGNOSTIC RADIOLOGIST—Two progressive 
community hospitals located 17 mi. apart in north 
lowa seek a diagnostic radiologist for full-time cov- 
erage. Existing volumes of 17,000 annual exams 
with opportunities for growth. Excellent equipment 
and staff. For more information, contact Tom 
Thompson, President/CEO, St. Joseph Community 
Hospital (515) 394-4121. 3—4a 


ULTRASOUND/CT/MRI, LOS ANGELES—BEC ra- 
diologist, with fellowship training in cross-sectional 
body imaging, needed to join an 8-member group 
in July 1992. This well-established practice in- 
cludes a 300-bed hospital near downtown Los An- 
geles and a private office in the adjacent building. 
Equipment includes 2 GE 9800 CT scanners, 2 ATL 
Mark 9 ultrasound units, and a 2.0-T Siemens MRI. 
Competitive salary leading to full partnership. Con- 
tact A. K. Raja Rao, M.D., St. Vincent Medical Cen- 
ter, 2131 W. Third St., Los Angeles, CA 90057; 
(213) 484-7901. 3—4ap 


GENERAL RADIOLOGIST, RUIDOSO, NM—Solo 
practice with advantages of large group practice 
(CME, vacations, etc.). Small, but growing resort 
community in southern New Mexico. Quality out- 
door lifestyle and excellent skiing. Professional 
support via teleradiology and vacation coverage by 
14-physician group in Albuquerque. Position re- 
quires experience in general radiology, CT, mam- 
mography, and ultrasound. Strong desire to live 
and work in the southwest a must. Competitive 
compensation package. Send CV with references 
to P. O. Box 7309, Albuquerque, NM 87194-7309. 
3—4a 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for BC/BE radiologist to join group of 6 in an ac- 
tive practice including 2 hospitals (480 beds) and a 
multispecialty clinic that performs 110,000 exams/ 
yr. Practice includes substantial CT, nuclear medi- 
cine, ultrasound, MRI, angiography, and interven- 
tional and is located in a pleasant community on 
Lake Michigan with easy access to Milwaukee and 
Chicago. Locums needed in interval. Contact Ar- 
nold Strimling, M.D., Dept. of Radiology, St. Mary's 
Medical Center, 3801 Spring St., Racine, WI 
53405; (414) 636-4311. 3xa 


AJR:158, March 1992 


PEDIATRIC RADIOLOGIST—Hahnemann Uni- 
versity Hospital, Dept. of Diagnostic Radiology, is 
seeking a pediatric radiologist to provide imaging 
service for a very large and continuously growing 
Dept. of Pediatrics with a dynamic clinical and aca- 
demic interactive relationship with our dept. Com- 
pletion of a fellowship in pediatric radiology is 
required. The position is at the assistant professor 
or associate professor level. Salaries are very com- 
petitive and based on academic rank. Facilities in- 
clude 2 GE 9800 CT scanners and a GE 1.5-T MRI. 
If interested, please send CV or contact Seth N. 
Glick, M.D., Dept. of Diagnostic Radiology, Hahne- 
mann University Hospital, Broad and Vine Sts., 
Philadelphia, PA 19102; (215) 448-8719. 3-5ap 


IMMEDIATE OPENING FOR BC/BE GENERAL 
RADIOLOGIST with experience in basic interven- 
tional and vascular radiology. Join a group of 4 ra- 
diologists in a 160-bed hospital located in Allen- 
town, PA, about 60 mi. northwest of Philadelphia. 
The daily practice includes all aspects of general 
radiology, CT, ultrasound, and nuclear medicine. 
Please call or send CV to Asad Shohadai, M.D., 
Allentown Osteopathic Medical Center, 1736 
Hamilton St., Allentown, PA 18104; (215) 770- 
8700. 3xa 


ISRAEL, DIAGNOSTIC RADIOLOGY—Opportu- 
nities for 3-4 wk or longer working vacations in a 
number of Israeli medical centers, on a volunteer 
basis. Positions varied, arrangements flexible. For 
information contact Jonathan H. Fish, M.D., 1844 
San Miguel Dr., #302, Walnut Creek, CA 94596; 
(510) 947-0560. 2-4xa 


PARTNERSHIP POSITION IN PALM SPRINGS, 
CA—Well-established, 9-member group has open- 
ings for 2 board-certified radiologists. A physician 
with a strong background in MRI is sought as direc- 
tor of the section of MRI. The other position re- 
quires a physician with mammography experience 
to direct imaging in the breast health section of a 
new comprehensive cancer center. The group cov- 
ers a 350-bed hospital and 2 offices in a desirable, 
rapidly expanding area of southern California. MRI 
facilities include 1.5-T Picker Vista HPQ with MRA 
package, ViStar imaging computer, and 1.5-T GE 
Signa. Other equipment includes 3 CT, a Cemax 
image processor, 2 Acuson color-flow Doppler ul- 
trasound, 4 nuclear cameras including 2 SPECT, 
and all other diagnostic modalities. Ground has 
just been broken on a new 25,000 sq. ft. radiology 
wing, which will be furnished with state-of-the-art 
equipment. New trauma center, cancer center, and 
rehab hospital being built. Excellent compensation 
and benefits package leading to full partnership. 
Beaches and large-city amenities of Los Angeles 
only 2 hr away. Yr-round sunny weather. Ample 
free time to enjoy southern California and the un- 
paralleled recreational opportunities offered by the 
resort community of Palm Springs. Direct inquiries 
to Marvin J. Friedenberg, M.D., Desert Hospital, 
Dept. of Radiology, 1150 N. Indian Canyon Dr., 
Palm Springs, CA 92262. 3xa 


OREGON—Opportunity for BC/BE radiologist to 
join 7 BC radiologists in growing practice in the 
Portland metropolitan area. Training/expertise in 
all aspects of radiology including MRI is required. 
The practice includes 2 suburban hospitals, an out- 
patient clinic, and a new multimodality outpatient 
imaging clinic. Competitive Compensation with 
generous fringe package and partnership in 2 yr. 
Send letter and CV to Jon C. Sewell, M.D., P. O. 
Box 227, Oregon City, OR 97045; (503) 655-1439. 
3xa 





CLASSIFIED ADVERTISEMENTS 


CT/ABDOMINAL IMAGING, MUSCULOSKELE- 
TAL IMAGING, ULTRASOUND/MRI, OR GAS- 
TROINTESTINAL IMAGING RADIOLOGISTS— 
Openings exist for board-certified or eligible radiol- 
ogists with fellowship training in CT/abdominal im- 
aging, musculoskeletal imaging, ultrasound/MRI, 
gastrointestinal imaging. Rank is at the assistant or 
associate level, depending on qualifications. A 
strong interest in patient care, teaching, and re- 
search is required. Please send CV and bibliogra- 
phy to Morton Glickman, M.D., Vice-Chair, Yale 
University School of Medicine, Dept. of Diagnostic 
Radiology, 333 Cedar St., New Haven, CT 06510. 
Yale is an equal opportunity/affirmative action em- 
ployer. Applications from women and minority 
group members are encouraged. Application dead- 
line is March 30, 1992. 2-3a 


DIAGNOSTIC RADIOLOGIST(S)}—Small, pro- 
gressive southeastern community hospital (JCA- 
HO-accredited) near a major metropolitan area 
needs at least 1 board-certified radiologist. Mod- 
ern equipment, exclusive contract, good payor mix. 
Nuclear medicine, invasive radiologic procedures. 
Please send CV with cover letter and financial re- 
quirements. All inquiries will be kept strictly confi- 
dential. Write Box C30, AJA (see address this 
section). 3—5a 


SAN FRANCISCO BAY AREA, DIAGNOSTIC RA- 
DIOLOGY—Full-time position available as of July 
1992 for BC/BE radiologist to join established 
group based in growing SF Bay area communities. 
Competence in all modalities including MRI and 
angiography required; fellowship training desirable. 
Contact J. Fish, M.D., c/o Walnut Creek Radiology, 
1844 San Miguel Dr., #302, Walnut Creek, CA 
94596; (510) 947-0560. 2-4xa 


PASADENA, CALIFORNIA—Immediate opening 
for a BC/BE radiologist. Busy outpatient imaging 
center including mammography, ultrasound, CT, 
and MRI. Call Terry Becker, M.D. at (818) 793- 
8189. 2-5ap 


ULTRASOUND SECTION HEAD—Hahnemann 
University Hospital is seeking a director of ultra- 
sound. Clinical responsibility predominantly in ul- 
trasound with opportunity for involvement in body 
CT and body MRI. Approximately 11,000 ultra- 
sound procedures previous yr with potential for 
expansion. Facilities include 2 state-of-the-art 
Acuson machines with immediate plans for addi- 
tional equipment. Appointment would be at the as- 
sociate professor or professor rank. Salaries are 
very competitive and based on academic rank. If in- 
terested, please send CV or contact Seth N. Glick, 
M.D., Dept. of Diagnostic Radiology, Hahnemann 
University Hospital, Broad and Vine Sts., Philadel- 
phia, PA 19102; (215) 448-8719. 3—5ap 


RADIOLOGIST NEEDED—Senior partner retired. 
Free-standing diagnostic medical clinic seeking 
second radiologist for non-interventional-type prac- 
tice in small, culturally oriented community in 
southeast West Virginia. Rare opportunity to asso- 
ciate with nationally known group where highest 
quality medicine is the standard, under unparal- 
leled working conditions. The Greenbrier Clinic is 
affiliated with world famous Greenbrier Hotel and 
Resort located in the Greenbrier Valley, garden 
spot of West Virginia. Quiet lifestyle with abundant 
recreational opportunities and easy access to large 
eastern metropolitan centers. Candidates must be 
board-certified in diagnostic radiology and have 
some practice experience. Contact Herbert Pope, 
M.D., The Greenbrier Clinic, White Sulphur 
Springs, WV 24986. 2—4ap 


717 


STAFF RADIOLOGIST—The VA Medical Center, 
Bay Pines, Florida, affiliated with the University of 
South Florida School of Medicine, is currently ac- 
cepting applications for a board-certified staff radi- 
ologist in general diagnostic radiology, preferably 
with MRI experience. This medical center is locat- 
ed on the beautiful west coast of Florida in the St. 
Petersburg/Tampa metropolitan area, only minutes 
from the Gulf of Mexico. The medical center has all 
state-of-the-art imaging equipment. Send CV and/ 
or call J. Bonilla, M.D., Radiology Service (114), VA 
Medical Center, Bay Pines, FL 33504; (813) 398- 
9363. EOE. 2-3a 


ASSISTANT PROFESSOR, MR RADIOLOGIST— 
The Dept. of Radiology at The University of Texas 
Medical School at Houston and the Hermann Hos- 
pital are recruiting for a full-time MRI radiologist at 
the assistant professor level, beginning July 1, 
1992. Preference will be given to candidates with 
fellowship training in MRI, body imaging, neurorad- 
iology, or 1-yr of academic MRI experience. ABR 
certification is required. Responsibilities will in- 
clude monitoring and interpretation of both body 
and neuro MRI, as well as medical student, resi- 
dent, and fellow teaching. Extensive clinical and 
basic science research opportunities are available. 
The dept.'s MR facilities are state-of-the-art and lo- 
cated in a beautiful spacious setting, which in- 
cludes a 1.5-T GE Signa unit with proton 
spectroscopic capability. A second 1.5-T GE Sys- 
tem, with MR angiography, fast spin echo (FSE), 
and phased array coils, will be installed in the first 
quarter of 1992. The Dept. also has an active basic 
science research program; research facilities in- 
clude a small bore MRI system with spectroscopy 
capabilities. The University of Texas at Houston is 
an equal opportunity employer. Women, minori- 
ties, and the disabled are encouraged to apply. 
Please send CV and 3 references to Bharat Raval, 
M.D., Professor and Interim Chairman, Dept. of 
Radiology, The University of Texas Medical 
School-Houston, 6431 Fannin, Suite 2.132, Hous- 
ton, TX 77030. 2-7ap 


PEDIATRIC RADIOLOGY—The Medical College 
of Georgia seeks a general pediatric radiologist 
and a pediatric radiologist with expertise in pediat- 
ric imaging. These individuals will provide general 
and specialized pediatric radiology services, guide 
the integration of imaging services within pediatric 
radiology, and help plan and implement pediatric 
radiology services for the upcoming 175-bed Chil- 
dren's Medical Center. Tenured or nontenured po- 
sitions are available at assistant, associate, or full 
professor levels. The senior appointee will become 
head of the Pediatric Radiology Section. Call or 
write Dr. Charles G. Howell, Jr., Pediatric Radiolo- 
gy Search Committee, Pediatric Surgery Section, 
Medical College of Georgia, Augusta, GA 30912- 
4070; (404) 721-3941. MCG is an equal opportuni- 
ty/affirmative action employer. 2—7a 


IMMEDIATE OPENING—BC/BE radiologist to join 
8 board-certified radiologist incorporated practice 
covering 3 hospitals with approximately 700 beds 
and 100+ physician multispecialty clinic. All modal- 
ities represented. Must be willing to participate in 
all aspects of general diagnostic radiology. Excel- 
lent fringe benefit package with competitive salary 
leading to early shareholder status at modest buy- 
in. Practice located in Arkansas river valley. Excel- 
lent public and private schools. Send CT to or con- 
tact, June Martin, Business Manager, Radiology 
Services, P.A., P. O. Box 1827, Fort Smith, AR 
72902; (501) 782-5035. 2—4ap 
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INTERVENTIONAL RADIOLOGIST—The Yale 
University, Dept. of Radiology, has a position for a 
board-certified radiologist with fellowship training in 
vascular/interventional radiology to start as soon 
as possible. Rank is at the assistant or associate 
professor level depending on qualifications. This 
active clinical service (currently 3 staff, 3 fellows) 
performs an entire range of diagnostic and inter- 
ventional procedures including embolization, an- 
gioplasty, atherectomy, infusion therapy, IVC filter 
placement, endourology, and biliary and abscess 
management. The interventional inpatient service 
admits 100 patients/yr, primarily for embolization 
and angioplasty. The interventional clinic evalu- 
ates referred patients with peripheral and renal 
vascular disease and vascular malformations. 
Clinical and fundamental research interests are on- 
going in atherectomy, embolization devices, new 
chemoperfusion catheters, and endourology. 
Please send applications with CV to Jeffrey Pol- 
lack, M.D., Acting Section Chief, or Robert |. White, 
Jr., M.D., Professor and Chair of Diagnostic Radiol- 
ogy, Yale University School of Medicine, P. O. Box 
3333, New Haven, CT 06510; (203) 785-2385, fax 
(203) 785-3024. Yale University is an equal oppor- 
tunity/affirmative action employer. Applications 
from women and minority group members are en- 
couraged. Application deadline is March 30, 1992. 
2-3a 


PHYSICIAN/RADIOLOGIST—Full-time opening 
for board-certified radiologist in a desirable south- 
ern New Jersey shore location. This is an active, 
challenging, expanding hospital and office-based 
practice. Must have training in CT, ultrasound, and 
nuclear medicine. Position available immediately. 
Send CV to RABC, P. O. Box 729, Mt. Holly, NJ 
08060. 2—5ap 


CALIFORNIA, SIERRA NEVADA FOOTHILLS— 
General radiology position with emphasis on imag- 
ing. Progressive radiology group looking for fourth 
BC/BE partner with MRI training. 124-bed, com- 
munity hospital and private office practice. All im- 
aging modalities, including nuclear medicine, 
ultrasound, CT, mammography, and some angiog- 
raphy and interventional. Growing northern Cali- 
fornia community. Send CV to Box A10, AJR (see 
address this section). 1—-3ap 


THE DIVISION OF NUCLEAR MEDICINE—Ore- 
gon Health Sciences University, Portland, Oregon, 
invites applications for a faculty position available 
immediately either part-time in nuclear medicine or 
full-time divided between nuclear medicine and an- 
other division of diagnostic radiology. Position re- 
quires that the radiologist be certified by either the 
American Board of Radiology (special competence 
in nuclear radiology) and/or the American Board of 
Nuclear Medicine. Send CV and references to Wil- 
liam Weidner, M.D., Chairman, Diagnostic Radiol- 
ogy, UHN-72, Oregon Health Sciences University, 
Portland, OR 97201-3098. OHSU is an affirmative 
action equal opportunity employer. 1-4a 


BOSTON—Expanding private-practice group. No 
night or evening call. Need experience in mam- 
mography. Great lifestyle. Salary leading to equal 
partnership. Send letter and CV to Box E49, AJR 
(see address this section). 11-4a 


SAN ANTONIO, TX—Large group covering multi- 
ple hospitals and outpatient facilities seeks radiolo- 
gists with angiography skills. Send CV to Search 
Committee, M&S X-Ray Associates, P. O. Box 
15920, San Antonio, TX 78212-9510. 1-6ap 





CLASSIFIED ADVERTISEMENTS 


PHYSICIAN/RADIOLOGIST—A large radiology 
group with multiple private offices seeks a board- 
certified radiologist interested in a full-time position. 
Responsibilities include general radiography. Spe- 
cial training in CT, ultrasound, MRI and/or nuclear 
medicine is preferred. Excellent southern New Jer- 
sey location. Competitive salary and benefit pack- 
age. Position available immediately. Send CV to 
RABC, P. O. Box 729, Mt. Holly, NJ 08060. 2-5ap 


THE UNIVERSITY OF ARIZONA DEPT. OF RADI- 
OLOGY is recruiting a fellowship-trained vascular/ 
interventional radiologist to join the faculty. Facili- 
ties at the University Hospital (300-bed), and Tuc- 
son Veteran's Hospital (300-bed), include state-of- 
the-art angiographic, CT, and MR units. Income 
and academic rank are negotiable. Contact Gerald 
D. Pond, M.D., Head, Section of Vascular and In- 
terventional Radiology, University of Arizona 
Health Sciences Center, Tucson, AZ 85724; (602) 
694-7136. Women and minorities are encouraged 
to apply. The University of Arizona is an EEO/AA 
employer. The review of applications began Au- 
gust 30, 1991 and will continue until position is 
filled. 2-4a 


INTERVENTIONAL RADIOLOGIST—A private, 
multispecialty group of 125 physicians with univer- 
sity affiliation in upper midwest seeks second 
board-certified interventional radiologist. Excellent 
digital angiographic, CT, and MR facilities. Superb 
cooperation with surgical staff. At least 50% inter- 
ventional with option of some general and/or neu- 
roradiology. Salary equals 90% of partners with full 
partnership in 1—2 yr. City of 60,000 with referral 
base of 300,000. Send CV to Gerald Smyser, 
M.D., The United Hospital, Box 6002, Grand Forks, 
ND 58206-6002; (800) 437-5375. 2—4ap 


FAIRBANKS, AK—Four diagnostic radiologists 
seek fifth partner for diversified practice including 
general radiology, ultrasound, nuclear medicine, 
MRI (GE 1.5-T), and CT (GE 9800). Hospital and 
office practice. Desirable life-style advantages in a 
university town. Unlimited access to the outdoors. 
Excellent salary, benefits, retirement, and vacation. 
One yr to full partnership. Contact Douglas Hutch- 
inson, M.D., 1919 Lathrop #5, Fairbanks, AK 
99701; (907) 452-5092. 2—7ap 


OPENING FOR A RADIOLOGIST WITH ANGIO/ 
INTERVENTIONAL EXPERTISE—Radiology Ltd. 
of Tucson, AZ, is a group of 23 full-time and 2 part- 
time diagnostic radiologists who are the major pro- 
viders of radiology services at 4 hospitals, 3 private 
offices, and 3 separate CT/MRI imaging centers in 
Tucson, AZ. We are currently recruiting another 
general radiologist with fellowship training in angio/ 
interventional. This individual will be employed 
with 3 yr to full partnership. Individual is to be 
based primarily at Tucson Medical Center, the larg- 
est hospital covered by our practice. Currently 
TMC has the greatest load of interventional cases. 
Cross-coverage of advanced cases at other hospi- 
tals will be shared by this person and the other ra- 
diologists with advanced interventional skills as 
needed (for example when cross-coverage is 
needed to cover an interventionalist who is on va- 
cation). General radiology including CT, ultra- 
sound, and MRI is also to be performed by this 
individual as part of core responsibilities. If inter- 
ested, send CV to Robert O. Broome, M.D., Radi- 
ology, Ltd., 6516 E. Carondelet Dr., Tucson, AZ 
85710. 2—4ap 
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DIRECTOR OF BREAST IMAGING—The Brig- 
ham and Women's. Hospital/Harvard Medical 
School, Dept. of Radiology, is seeking a full-time di- 
agnostic radiologist to head the Breast Imaging 
Section. This hospital-based facility has 4 mam- 
mographic rooms, 2 with ultrasound. In addition, 
there is amammo-test unit for performance of large 
core breast biopsies. More than 12,000 mammo- 
grams, 1,000 preoperative wire localizations, 500 
guided aspirations, and 150 core biopsies are per- 
formed annually. This wealth of clinical material 
coupled with an excellent clinical staff provides un- 
limited opportunity for collaborative clinical investi- 
gation. Candidates must have board certification. 
Please contact Jack E. Meyer, M.D., Director of Di- 
agnostic Radiology, Brigham and Women's Hospi- 
tal, 75 Francis St., Boston, MA 02115; (617) 732- 
6269. Brigham and Women's Hospital/Harvard 
Medical School is an affirmative action/equal op- 
portunity educator and employer. 2—7a 


POSITION AVAILABLE AT LOUIS A. WEISS ME- 
MORIAL HOSPITAL, a 372-bed affiliate of the Uni- 
versity of Chicago. Facilities include 2 new Acuson 
ultrasound machines and a GE Highlight Advan- 
tage CT. Both inpatient and outpatient areas are 
being redesigned. Applicants should have broad 
experience in general diagnostic radiology and an- 
giography. An interest in teaching or research 
would be advantageous. The successful applicant 
will be appointed to the faculty at the University of 
Chicago. Academic rank and compensation com- 
mensurate with experience. Candidate should be 
board-certified and licensed to practice in IL. Inter- 
ested parties should send their CV or phone James 
Chambliss, M.D., Dept. of Radiology, Weiss Me- 
morial Hospital, 4646 N. Marine Dr., Chicago, IL 
60640; (312) 878-8700. The University of Chicago 
is an equal opportunity/affirmative action employer. 
2-4ap 


COME TO CALIFORNIA WITH A LICENSE FROM 
ANY STATE—Loma Linda VA Hospital has posi- 
tions available for a board-certified/eligible neuro- 
radiologist and a general diagnostic radiologist. A 
current license from any state is acceptable. Loma 
Linda is located 70 mi. east of Los Angeles near 
beaches, mountain ski resorts, and southland 
theme parks. This is a 500-bed, full-service hospi- 
tal with a comprehensive diagnostic facility includ- 
ing ultrasound, CT, and MRI integrated with Loma 
Linda University Medical Center Residency Train- 
ing Program. Opportunities to pursue clinical or ac- 
ademic interests. For additional information 
contact Peter Dure-Smith, M.D., Chief, Radiology 
(114), Jerry L. Pettis Memorial Veterans Hospital, 
11201 Benton St., Loma Linda, CA 92357; (714) 
422-3069; telefax (714) 422-3106. Equal opportu- 
nity employer. 1—3a 


ULTRASOUND/CT/MRI—Opportunity for board- 
certified radiologist specializing in ultrasound, body 
CT, and body MRI to pursue academic career at the 
New York Hospital-Cornell Medical Center. Dept. 
provides state-of-the-art equipment, including Acu- 
son and ATL ultrasound, GE 9800 CT, and GE Si- 
gna 1.5-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrectal. 
Prefer candidate with prior fellowship in sectional 
imaging or ultrasound. Responsibilities include 
clinical practice, teaching, and research. Position 
available 7/1/92. Please send CV to Elias Kazam, 
M.D., Dept. of Radiology, New York Hospital-Cor- 
nell Medical Center, 525 E. 68th St., New York, NY 
10021. 2-5a 


AJR:158, March 1992 


DISCOVER WYOMING—Two young BC radiolo- 
gists seek a third, recently trained BC/BE radiolo- 
gist to join a growing, independent practice in a 
modern, 100-bed hospital. 27,000 procedures are 
performed annually including full-service ultra- 
sound, nuclear medicine with SPECT, mammogra- 
phy, CT, and mobile MRI. Limited angiography and 
interventional procedures. No competing radiology 
groups, HMOs, or PPOs. Strong financial package 
with benefits including 8 wk off/yr and full partner- 
ship at 2 yr. The hospital is located in a high moun- 
tain desert community of 20,000 in southwestern 
Wyoming with population of 50,000 served. There 
is a 2-yr community college and superb outdoor 
and indoor community recreation facilities. School 
systems are ranked excellent nationally. Located 3 
hr east of Salt Lake City. The surrounding area is 
ideal for outdoor interests such as skiing, back- 
packing, hunting, boating, and fishing with accessi- 
bility to Flaming Gorge recreational area and the 
Uintah, Wind River, and Teton Mountains. Please 
reply with CV to William R. Compton, M.D., Sweet- 
water Radiology, P.C., 1208 Hilltop Dr., #203, Rock 
Springs, WY 82901; (307) 382-4832. 2-5ap 


SOUTHERN OREGON—Opportunity for BC/BE, 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all mo- 
dalities desired. Practice includes 2 hospitals and 
own private office. Competitive starting salary with 
early full partnership. Excellent lifestyle with many 
outdoor activities from Pacific Coast to Oregon 
Cascades. Send CV to Larry Strickland, Adminis- 
trator, Roseburg Radiologists, P.C., P. O. Box 
1547, Roseburg, OR 97478. 2-5ap 


RADIOLOGIST, HOUSTON, TX—Large, well-es- 
tablished multispecialty group is seeking a full- 
time, BC radiologist due to growth in practice. 
Group consists of over 100 physicians, including 8 
radiologists. In addition to plain film interpretation, 
the practice includes fluoroscopy, urography, to- 
mography, ultrasound, mammography, and CT. A 
4-day work wk and no call gives you the time to en- 
joy the variety of activities Houston has to offer. We 
provide excellent benefits, including malpractice 
with tail coverage, and a very competitive financial 
package. Interested candidates should send CV to 
MacGregor Medical Association, 2550 Holly Hall, 
Houston, TX 77054, Attn. Professional Relations 
Specialist; (713) 741-2273, ext. 4408. 2-3ap 


ANGIOGRAPHER/INTERVENTIONAL RADIOL- 
OGIST—Are you at a career crossroads? A 1-yr 
position is available at a nationally recognized insti- 
tution in the Washington, DC, area for a board-cer- 
tified, fellowship-trained angiographer beginning 
July 1, 1992. This position may be particularly at- 
tractive to graduating fellows, individuals consider- 
ing relocating to this highly desirable geographic 
local, or persons seeking a position for a sabbatical 
yr. Reply in confidence with CV to Box B22, AJR 
(see address this section). 2—3a 


SEATTLE AREA associate desired for 4 ACR-ac- 
credited breast centers. General ultrasound (heavy 
OB-GYN). Position leads to partnership. Fellow- 
ship or extensive experience in mammography 
and/or ultrasound desirable. Superb opportunity 
for ambitious, board-certified radiologist. Contact 
Irwin Schiller, D.O., or Colin J. Wells, M.D., Breast 
Diagnostic Centers, 411 Strander Blvd., #303, Se- 
attle, WA 98040; (206) 575-9123. 1-3ap 


CLASSIFIED ADVERTISEMENTS 


THE RADIOLOGY DEPT. AT THE CHILDREN'S 
HOSPITAL OF PHILADELPHIA is seeking a full- 
time, board-certified, pediatric radiologist to begin 
July 1, 1992. The successful candidate will have 
completed a pediatric radiology fellowship and 
have 2 or more yr of experience in pediatric sec- 
tional imaging, including MRI. Please contact Ken- 
neth E. Fellows, M.D., Radiologist-in-Chief, The 
Children's Hospital of Philadelphia, 34th St. and 
Civic Center Blvd., Philadelphia, PA 19104. The 
Children's Hospital of Philadelphia and University 
of Pennsylvania are equal opportunity/ affirmative 
action employers. 1—3a 


CENTRAL MAINE, PART-TIME—General radiolo- 
gist wanted to supplement dynamic, congenial, 5- 
person group in new hospital dept. Work 30 wk, no 
weekends. Live in 4-season recreation area close 
to coast and mountains with time to enjoy them. 
Competitive salary and benefits. Contact Peter 
Rutherford (207) 786-3571. 1—3ap 


LARGE PRACTICE IN CENTRAL NEW JERSEY 
and adjacent Bucks County, PA seeks general ra- 
diologist with good ultrasound and mammography 
skills. Excellent benefits. No weekends, no call. 
Full- or part-time. Respond to Radiology Affiliates, 
838 W. State St., Trenton, NJ 08618. 1-3a 


ABDOMINAL RADIOLOGIST—The Harvard Med- 
ical School, Brigham and Women's Hospital, has a 
full-time faculty position for an academically in- 
clined abdominal radiologist. Outstanding hospital 
setting, equipment, case mix, and research facili- 
ties make this an unusually exciting opportunity. 
Please contact Steven E. Seltzer, M.D., Co-Direc- 
tor, Abdominal Imaging, Brigham and Women's 
Hospital, 75 Francis St., Boston, MA 02115; (617) 
732-6301. Harvard Medical School, Brigham and 
Women's Hospital is an affirmative action/equal op- 
portunity educator and employer. 1—6a 


NORTHERN CALIFORNIA—Seeking a radiologist 
who desires a semiretirement type of practice in 
central northern California in a geographic location 
equidistant from the San Francisco Bay area, Car- 
mel-Monterey Peninsula, and Yosemite and Sierra 
ski areas. Full-time radiologist wishes to share 
practice and provide equal, bountiful time-off peri- 
ods for travel, leisure, and relaxation. Call (209) 
667-0216 after 6:00 p.m. (PST). 1—4ap 


CHEST/BREAST IMAGING RADIOLOGIST—The 
Dept. of Radiology of the University of Miami 
School of Medicine is seeking an academic radiol- 
ogist with subspecialty training or equivalent expe- 
rience and interest in all aspects of chest imaging 
including CT, MR, ultrasound, and interventional 
procedures. Similar expertise in breast imaging in- 
cluding mammography, ultrasound, and needle lo- 
calization required. The University of Miami/ 
Jackson Memorial Medical Center is a tertiary-re- 
ferral and level | trauma center that will soon be 
opening a state-of-the-art breast center. Extensive 
teaching is involved and an interest in clinical re- 
search is assumed. Board-certification and eligibil- 
ity for, or licensure by the state of Florida is 
required. Academic rank and compensation com- 
mensurate with qualifications. Interested parties 
should forward CV to C. A. Poole, M.D., Professor 
and Chairman, Dept. of Radiology (R-308), P. O. 
Box 016960, Miami, FL 33101. The University of 
Miami is an equal opportunity/affirmative action 
employer. 1-5a 
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TRAUMA RADIOLOGISTS—The Dept. of Radiol- 
ogy of the University of Miami School of Medicine 
is recruiting for trauma radiologists to staff a new, 
state-of-the-art trauma center opening in the spring 
of 1992. The unit will be a self-contained facility 
within the Jackson Memorial Medical Center, a 
1500-bed tertiary facility and level | trauma center. 
Candidates must be board-certified with fellowship 
training and/or experience in the management of 
the trauma patient, including the use of radiogra- 
phy, ultrasound, CT, angiography, and interven- 
tional procedures. Skill in teaching, interest in 
Clinical research, and licensure to practice medi- 
cine in the state of Florida required. Academic rank 
and compensation commensurate with qualifica- 
tions. Applicants should send CV to C. A. Poole, 
M.D., Professor and Chairman, Dept. of Radiology 
(R-308), University of Miami Schoo! of Medicine, P. 
O. Box 016960, Miami, FL 33101. The University 
of Miami is an equal opportunity/affirmative action 
employer. 1-5a 


NEURORADIOLOGIST—Senior ASNR member 
needed for excellent hospital and imaging center 
position in Tucson, AZ. Early partnership opportu- 
nity. Send CV to Arizona State Radiology, 7250 E. 
Ventana Canyon Dr., Tucson, AZ 85715. 8—7ap 


DIAGNOSTIC RADIOLOGIST, ABDOMINAL IM- 
AGING—The University of Missouri-Columbia 
Hospital and Clinics is seeking a radiologist with 
expertise in abdominal imaging (GI, CT, ultra- 
sound, and MRI). Board-certification required. 
Fellowship desirable. Tenured and nontenured 
tracks available at assistant and associate profes- 
sor levels. Address inquiries to Robert J. Churchill, 
M.D., Dept. of Radiology, University of Missouri- 
Columbia Hospital and Clinics, One Hospital Dr., 
Columbia, MO 65212. An equal opportunity/affir- 
mative action employer. 12—3a 


IMMEDIATE OPENING FOR BC/BE DIAGNOS- 
TIC RADIOLOGIST, for night call and weekend 
work, to join a 2-member P.C. in a 220-bed commu- 
nity hospital, Birmingham, AL, area. Home video 
telemetry provided with few night calls. Ultrasound, 
CT, nuclear medicine, rare angiogram or interven- 
tional procedure, and general diagnostic radiology. 
No MRI. Negotiable, competitive salary with excel- 
lent benefits, insurance, and retirement plan. Full 
partnership potential. Contact Charles Baker, 
M.D., 2650 Altadena Rd., Birmingham, AL 35243; 
(205) 481-7193. 1—4ap 


DIAGNOSTIC RADIOLOGIST—The Radiology 
Regional Center of Fort Myers, FL, an 8-person di- 
agnostic radiology group, is seeking a new associ- 
ate. The group covers 2 private offices and a 400- 
bed, acute-care hospital with general radiology, 
fluoroscopy, ultrasound, nuclear medicine, CT, 
MRI, and interventional radiology. The group has 
recently assumed coverage of a growing new D.O./ 
M.D. hospital. We are seeking a versatile M.D. or 
D.O. radiologist who is skilled in all aspects of diag- 
nostic radiology including nuclear medicine, neuro- 
radiology, and interventional radiology, preferably 
with fellowship training in MRI, including muscu- 
loskeletal, neuroradiology, or interventional. A 
competitive salary, excellent benefits, and partner- 
ship are being offered. Please forward CV to Bar- 
bara Dunwody, Office Manager, Radiology 
Regional Center, 3680 Broadway, Fort Myers, FL 
33901. 1-3ap 
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PEDIATRIC RADIOLOGY POSITION—The Dept. 
of Radiology, Children's Medical Center and The 
University of Texas Southwestern Medical Center, 
is seeking a fellowship-trained, pediatric radiologist 
for entry at an associate or assistant professor lev- 
el. Applicants should be interested in expanding 
their areas of expertise and interest into high-tech 
imaging modalities. Children's Medical Center is a 
263-bed, tertiary-referral hospital for Texas and the 
regional states. Last yr the hospital had 7700 ad- 
missions and over 112,000 outpatient visits. The 
hospital has a busy transplant service including 
heart, liver, and kidney with referrals from across 
the United States and South America. There is an 
active neurosurgical service that had over 44 chil- 
dren with primary brain tumors referred in over the 
past yr in addition to a large practice of children 
with congenital anomalies. The hematology-oncol- 
ogy team has 7 full-time physicians and a 5-day-a- 
wk clinic. The cardiology-cardiothoracic surgery 
service sees a wide range of complex congenital 
heart disease. The hospital has a busy pediatric 
surgery service in addition to general and subspe- 
cialty pediatric services staffed by private and uni- 
versity-affiliated pediatricians. The radiology dept. 
has state-of-the-art equipment including a Philips 
0.5-T MRI which has MRA, cardiac, and 3D func- 
tions with a dedicated 3D work station; a Philips LX 
CT; Diasonics and Acuson duplex color ultrasound; 
a dedicated angio-interventional suite; digital fluo- 
roscopy; and will soon acquire updated nuclear 
medicine equipment. The dept. of radiology per- 
forms over 49,000 exams annually including 2500 
MR, nearly 4000 CT studies, over 250 intervention- 
al procedures, 3100 ultrasound, and 2200 fluoro- 
scopic exams. Staff radiclogists also cover the 
NNICU at Parkland Memorial Hospital, 1 of the 
largest NNICUs in the U.S. There are 3 radiology 
residents and 3-4 pediatric radiology fellows. Chil- 
dren's Medical Center is an exciting innovative hos- 
pital that enjoys a supportive, progressive 
administration and affiliation with The University of 
Texas Southwestern Medical School, 1 of the coun- 
try's leading medical schools. Duties include clini- 
cal responsibilities in performing and interpreting 
pediatric radiology procedures, sharing resident 
and medical student teaching responsibilities, and 
participating in ongoing research projects. Salary 
and benefits are among the best offered. Flexible 
work schedules are available for parents with do- 
mestic demands. Direct letters of inquiry to Nancy 
Rollins, M.D., Director of Radiology, Children's 
Medical Center, 1935 Motor St., Dallas, TX 75235; 
(214) 902-2305. The University of Texas South- 
western Medical Center is an equal opportunity/af- 
firmative action employer. 1—4a 


DALLAS, TX—A 12-member, subspecialty group 
seeks a board-certified, general radiologist for an 
immediate opening. Fellowship training preferred, 
but will consider qualified individual with special ex- 
pertise. CT/ultrasound, MRI, nuclear medicine, or 
angiography background particularly helpful. All 
imaging modalities available (state-of-the-art CT, 
angio, ultrasound, R&F, SPECT, nuclear medicine, 
and MRI center). Salary and bonuses are excel- 
lent. Health and malpractice paid. No buy-in to 
partnership. Send CV to H. Stuart Peake, M.D., P. 
O. Box 814129, Dallas, TX 75381; (214) 888-7055. 
11—4ap 


DIAGNOSTIC RADIOLOGIST, SANTA BAR- 
BARA, CA—A large multispecialty clinic is seeking 
a board-certified/eligible diagnostic radiologist. 
Competence necessary in CT, ultrasound, and 
MRI. Send CV to Monica Micon, M.D., or Ella 
Wong, M.D., Sansum Medical Clinic, P. O. Box 
1239, Santa Barbara, CA 93102. 1—3ap 





CLASSIFIED ADVERTISEMENTS 


THE DEPT. OF RADIOLOGY AT WALTER REED 
ARMY MEDICAL CENTER is recruiting academic 
radiologists. We need board-certified radiologists 
to work in this famous and modern health-care cen- 
ter. Our dept. has a residency program consisting 
of 24 residents and several fellows. Subspecialists 
are needed in ultrasound, chest, mammography, 
genitourinary, gastrointestinal, pediatric, CT, MRI, 
and interventional radiology, as well as general ra- 
diology. Excellent opportunity to live in the nation’s 
capital and also become an integral part of a large 
teaching program. Salaries are competitive and 
generous. Highly motivated applicants should con- 
tact Col. Mark F. Hansen, Radiology Consultant to 
the Army Surgeon General, Dept. of Radiology, 
TAMC, HI 96859-5000; (808) 433-6393. 8-7a 


THE RADIOLOGY DEPT. AT DWIGHT DAVID 
EISENHOWER ARMY MEDICAL CENTER is re- 
cruiting academic radiologists. The dept. provides 
a full range of services including angiography, ul- 
trasound, CT (with a new GE 9800 Advantage sys- 
tem), and MRI (with a new 1.5-T GE Signa system). 
Development is underway for the installation of a 
digital teleradiology link to area medical facilities. 
The dept. is also beginning a radiology residency 
program in affiliation with the program at the Medi- 
cal College of Georgia in Augusta. With this 
growth, the dept. has generated a need for several 
academic diagnostic radiologists. Board-certified 
diagnostic radiologists with academic credentials 
and/or experience are urged to apply. Fellowship 
training is desired, especially in interventional radi- 
ology and/or angiography, however candidates at 
all levels will be considered. Candidates should be 
particularly interested in patient care, teaching, and 
research. The medical center is located on Fort 
Gordon, GA, adjacent to Augusta, and is the tertia- 
ry-care hospital supporting 9 Army community hos- 
pitals of the southeastern region and Puerto Rico. 
The hospital supports fully accredited residency 
programs in family practice, general surgery, med- 
icine, orthopedics, pathology, and psychiatry. Sal- 
ary and benefits are competitive and generous. 
The medical center is an EO/EEO employer. 
Please contact Dr. Thomas M. Ralston, LtC., Chief, 
Radiology Dept., Eisenhower Army Medical Cen- 
ter, Fort Gordon, GA; (404) 791-6245. 8-7a 


A MULTISPECIALTY MEDICAL GROUP has an 
immediate need for a radiologist. Excellent benefit 
package, guaranteed salary with incentive, all ex- 
penses paid first yr, with partnership opportunity for 
the future. Direct inquiries or send CV to Penny 
Phillips, Malone and Hogan Clinic, 1501 W. 11th 
PI., Big Spring, TX 79720; (915) 267-6361. 10-3a 


COASTAL MAINE—Boarda-certified, experienced 
radiologist required to share relaxed but growing 
solo practice in picturesque seascape setting. Am- 
ple time off to enjoy it with acceptable income. For 
details send CV to Paul D. Crary, M.D., Box 697, 
Boothbay Harbor, ME 04538; (207) 633-3385. 12- 
3ap 


DIAGNOSTIC RADIOLOGIST sought to join a fee- 
for-service group practice at 2 mid-Bronx hospitals. 
Board-certification with expertise in imaging and 
special procedures/interventional radiology pre- 
ferred. Please send CV to Arthur Avenue Radiolo- 
gy, P.C., P. O. Box 4332, Great Neck, NY 11027. 
11—4ap 
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DIAGNOSTIC RADIOLOGIST POSITION AVAIL- 
ABLE JULY 1992—Join 2 other radiologists in a 
154-bed hospital with a superior medical staff and 
an excellent, stimulating practice. High income, 
early partnership, and generous vacation time. 
The community, which includes the headquarters 
of 2 large multinational corporations, is an ideal 
place to live. It has all the advantages of a small 
town (low crime rate, reasonable cost of living, and 
country atmosphere), many big city amenities 
(symphony, theater, etc.), and a population with a 
high level of education. Contact Gene Martin, 
M.D., Radiology Dept., Corning Hospital, Corning, 
NY 14830; (607) 937-7289; home (607) 962-2037. 
12-—3ap 


THE DEPT. OF RADIOLOGY AT BROOKE ARMY 
MEDICAL CENTER, SAN ANTONIO, TX, is re- 
cruiting academic radiologists for several divisions 
of the dept., including ultrasound, chest, skeletal, 
neuroradiology, general diagnostic, interventional 
radiology, and mammography. Our dept. offers a 
fully accredited residency program with 24 resi- 
dents and 16 attending full-time staff. Numerous 
consultants from across the country lecture on a 
continuing and regular basis. The hospital is a 
modern, tertiary-care center serving Texas, Okla- 
homa, and Louisiana. A strong residency program, 
interesting patient population, excellent equipment, 
teleradiology and digital radiology implementations 
underway, coupled with a south Texas lifestyle are 
positive aspects of the practice. Academic creden- 
tials and/or experience are necessary. Recently 
graduated fellows are encouraged to apply. Board 
certification is mandatory. Candidates should be 
particularly interested in patient care, teaching, and 
research. Salary and benefits are competitive and 
generous. Brooke is an EO/EEO employer. Please 
contact Dr. Billy E. Cunningham, COL, MC, Assis- 
tant Chief, Dept. of Radiology, Brooke Army Medi- 
cal Center, Fort Sam Houston, TX 78234-6200; 
(512) 221-8418/8218. 8-7a 


DIAGNOSTIC RADIOLOGIST—A 3-member radi- 
ology group seeks a fourth radiologist with inter- 
ventional skills to join them in a suburban 
community hospital practice in northern Ohio, 20 
min from the boating and fishing pleasures of Lake 
Erie and its islands. Interested applicants please 
call or write to Dr. Matthew F. Gutowicz, Jr., 23 Pa- 
trician Dr., Norwalk, OH 44857; (419) 668-8101 
ext. 6205 or 6208. 11—4ap 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept., including ultrasound, chest radiology, skele- 
tal, neuroradiology, general diagnostic radiology, 
MRI, interventional radiology, and mammography. 
Our dept. offers a fully accredited residency pro- 
gram with 21 residents and 16 attending full-time 
staff. Numerous consultants from across the coun- 
try lecture on a continuing and regular basis. The 
hospital is a modern, tertiary-care center serving 
Hawaii and the entire Pacific Basin. A strong resi- 
dency program, diverse and interesting patient 
population, excellent equipment, and tropical lifes- 
tyle are positive aspects of the practice. Academic 
credentials and/or experience are necessary. Re- 
cently graduated fellows are encouraged to apply. 
Board certification is mandatory. Candidates 
should be particularly interested in patient care, 
teaching, and research. Salary and benefits are 
competitive and generous. Tripler is an EO/EEO 
employer. Please contact Dr. Mark F. Hansen, Col, 
MC, Chief, Dept. of Radiology, TAMC, HI 96859- 
5000; (808) 433-6393. 7—6a 
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Positions Desired 


EXPERIENCED, YOUNG, FACULTY INTERVEN- 
TIONALIST (ABR, SCVIR) seeks private-practice 
position leading to full partnership. Can perform 
general radiology, including MRI, ultrasound, and 
CT. Prefer medium-sized to large hospital in urban 
or suburban location. Available March 1992. Reply 
Box P82, AJR (see address this section). 3-5bp 


MRI OR NEURORADIOLOGY FELLOWSHIP, 
JULY 1992—Radiology resident in university affili- 
ated program, seeks an MRI or neuroradiology fel- 
lowship for July 1992. Residency training in all 
modalities with experience in angiography. Reply 
Box B20, AJA (see address this section). 2—4bp 


Fellowships and Residencies 


VASCULAR/INTERVENTIONAL FELLOWSHIP. 
beginning July 1, 1992, at the University of Mary- 
land Medical Center. Participate in all aspects of 
diagnostic vascular radiology, as well as nonvascu- 
lar interventional procedures, including percutane- 
ous and laser angioplasty embolization, biliary and 
GU intervention, and insertion of IVC filters. The 
fellowship position carries the title of instructor in 
radiology. For further information, call Dr. Gerald S. 
Johnston (301) 328-3477, or send CV to 22 S. 
Greene St., Baltimore, MD 21201. This affirmative 
action/equal opportunity employer encourages ap- 
plications from members of minority groups. 3cp 


MARYLAND FELLOWSHIPS—The University of 
Maryland School of Medicine at Baltimore is ac- 
cepting applications for fellowships beginning July 
1992. One-yr fellowships are available in angio/in- 
terventional, skeletal, CT/ultrasound/MR, neurora- 
diology, trauma and critical care, and chest. The 
University of Maryland offers competitive salaries, 
ample time for academic pursuits, and funding for 
continuing medical education. Board certification 
in radiology is desired, board eligibility is required. 
Additional information regarding each fellowship is 
available by calling toll-free (800) 866-8667 ext. 
3477 or direct (301) 328-3477. Send CV to Gerald 
S. Johnston, M.D., 22 S. Greene St., Baltimore, MD 
21201. The University of Maryland is an affirmative 
action employer who encourages applications from 
members of minority groups. 3cp 


FELLOWSHIP IN MUSCULOSKELETAL RADI- 
OLOGY, UNIVERSITY OF FLORIDA—The Dept. 
of Radiology is offering a musculoskeletal fellow- 
ship position for 1 yr, beginning July 1, 1992. The 
fellowship currently centers on a 568-bed hospital 
with wide exposure to skeletal pathology, including 
more than 200 new musculoskeletal tumors per yr. 
The fellowship experience includes clinical, re- 
search, and teaching opportunities in diagnostic 
skeletal radiology, CT, MRI, MR spectroscopy, 
metabolic bone disease, TMJ pathology, and im- 
age processing. Systems available include a 1.5-T 
whole body spectroscopy/imager, a 1.0-T whole 
body imager, a 2.0-T 34-cm spectroscopy/imager, 
2 GE 9800 Quick CT scanners, and an image pro- 
cessing workstation (DMI) for multiplanar (MPR) 
and 3D reformation. At the fellow's discretion, the 
experience could be expanded to include aspects 
of nuclear medicine and the adjacent 473-bed VA 
hospital, which is equipped with a 1.5-T whole body 
spectroscopy/imager and a Picker 1200 CT scan- 
ner. Send CV to William J. Montgomery, M.D., 
Dept. of Radiology, P. O. Box 100374, Gainesville, 
FL 32610-0374; or call (904) 395-0291 for further 
information. An equal opportunity/affirmative ac- 
tion employer. 3—5c 


CLASSIFIED ADVERTISEMENTS 


A CLINICAL FELLOWSHIP POSITION with re- 
search time and numerous projects is available. A 
wide breadth of interventional radiology proce- 
dures is done in a busy practice covering 2 hospi- 
tals. For more information, contact Eric van 
Sonnenberg, M.D., Professor of Radiology and 
Medicine, Chief of Interventional Radiology, UCSD 
Medical Center, 225 Dickinson St., San Diego, CA 
92103. 3c 


FELLOWSHIP POSITIONS—The Dept. of Radio- 
logical Sciences at Olive View—UCLA Medical Cen- 
ter has openings for fellowships to begin on July 1, 
1992. Positions are available in neuroradiology, ul- 
trasound, body imaging, interventional radiology, 
and nuclear medicine. Candidates must be board 
certified and eligible for certification in diagnostic 
radiology and should be eligible for licensing in the 
State of California. In addition to clinical practice 
and training, responsibilities will include graduate 
and undergraduate medical instruction in radiology 
as well as assisting with related departmental re- 
search projects. Interested candidates should con- 
tact Issa Yaghmai, M.D., Professor and Chairman, 
Dept. of Radiological Sciences, Olive View—UCLA 
Medical Center, 14445 Olive View Dr., Sylmar, CA 
91342; (818) 364-4078. The University of Califor- 
nia, Los Angeles, is an affirmative action/equal op- 
portunity employer. 3—6c 


FELLOWSHIP IN ULTRASOUND AND BODY CT/ 
MRI July 1, 1992—June 30, 1993, at Hahnemann 
University Hospital. State-of-the-art equipment, in- 
cluding ultrasound color-flow imaging, 2 GE 9800 
CT scanners and Signa 1.5-T MR, is provided. Ap- 
plicants must have completed an approved resi- 
dency in diagnostic radiology and be board-eligible 
or certified. For inquiries, please contact Patricia 
Laffey, M.D., Dept. of Diagnostic Radiology, Hah- 
nemann University Hospital, Broad and Vine, Phil- 
adelphia, PA 19102-1192; (215) 448-8722. An 
equal opportunity employer. 1—3cp 


ABDOMINAL IMAGING FELLOWSHIP, UNIVER- 
SITY OF FLORIDA—The Dept. of Radiology at the 
University of Florida is offering 1-yr clinical fellow- 
ships in abdominal imaging beginning in July 1993 
and July 1994. Minimum requirements include 
successful completion of an accredited radiology 
residency. The fellowship includes training in all 
aspects of abdominal imaging (gastrointestinal and 
genitourinary radiology, CT, MRI, and ultrasound) 
by a 4-person subspecialty faculty. The programs 
offer full clinical experience and research opportu- 
nities. Applicants must be eligible to obtain a med- 
ical license in the state of Florida. Research 
fellowships are also available in abdominal imag- 
ing. For additional information, contact Pablo R. 
Ros, M.D., Professor, Dept. of Radiology, Box J- 
374 JHMHC, Gainesville, FL 32610-0374; (904) 
395-0288. The University of Florida is an equal op- 
portunity/affirmative action employer and encour- 
ages applications from women and minorities. 3- 
6c 


NEURORADIOLOGY FELLOWSHIP—One yr be- 
ginning July 1, 1992. Exposure to all aspects of 
Clinical/academic neuroradiology. Participation in 
research/teaching. Send cover letter/CV to Te-Hua 
Liu, M.D., Director, Neuroradiology Section, Dept. 
of Diagnostic Imaging, Temple University Hospital, 
3401 N. Broad St., Philadelphia, PA 19140. Tem- 
ple University Hospital is an affirmative action/ 
equal opportunity employer. 3c 
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NEURO/ENT FELLOWSHIP, UNIVERSITY OF 
FLORIDA—The Dept. of Radiology offers several 
2-yr, postresidency fellowship training positions 
available July 1993 and July 1994. The fellowship 
offers excellent clinical material, comprehensive 
and modern equipment, and experienced 4-person 
subspecialty faculty. In addition to clinical practice 
and training, responsibilities include graduate and 
undergraduate medical instruction in neuroradiolo- 
gy as well as participation in departmental research 
activities. Minimum requirements include success- 
ful completion of an accredited radiology residency. 
Applicants must be eligible to obtain a medical |i- 
cense in the state of Florida. For additional infor- 
mation, contact Ronald Quisling, M.D., Professor, 
Dept. of Radiology, Box 100374 JHMHC, Gaines- 
ville, FL 32610-0374; (904) 395-0291. The Univer- 
sity of Florida is an equal opportunity/affirmative 
action employer and encourages applications from 
women and minorities. 3—6c 


FELLOWSHIP IN ULTRASOUND, BODY CT, 
AND MRI—July 1992 and July 1993. One-yr pro- 
gram featuring ultrasound, body CT, body MRI, and 
noninvasive vascular diagnosis. Send CV to, or for 
information contact, William Zwiebel, M.D., Dept. of 
Radiology, University of Utah Hospital, Salt Lake 
City, UT 84132; (801) 581-7553. 11-4c 


FELLOWSHIP IN MUSCULOSKELETAL RADI- 
OLOGY, UNIVERSITY OF FLORIDA—The Dept. 
of Radiology is offering musculoskeletal fellowship 
positions beginning July 1993 and July 1994. The 
fellowship currently centers on a 548-bed hospital 
with wide exposure to skeletal pathology, including 
more than 200 new musculoskeletal tumors per yr. 
The fellowship experience includes clinical, re- 
search, and teaching opportunities in diagnostic 
skeletal radiology, CT, MRI, MR spectroscopy, 
metabolic bone disease, TMJ pathology, and im- 
age processing. Systems available include a 1.5-T 
whole body spectroscopy/imager, 2 GE 9800 Ad- 
vantage CT scanners, and an image processing 
workstation (DMI) for multiplanar (MPR) and 3D 
reformation. At the fellow's discretion, the experi- 
ence could be expanded to include aspects of nu- 
clear medicine and the adjacent 473-bed VA 
hospital, which is equipped with a 1.5-T whole body 
spectroscopy/imager and a Picker 1200 CT scan- 
ner. Applicants must be eligible for licensure in the 
State of Florida. Send CV to William J. Montgom- 
ery, M.D., Dept. of Radiology, P. O. Box 100374 
JHMHC, Gainesville, FL 32610-0374; (904) 395- 
0291 for further information. The University of Flor- 
ida is an equal opportunity/affirmative action em- 
ployer. 3—6c 


FELLOWSHIP IN ANGIO/INTERVENTIONAL RA- 
DIOLOGY—The Dept. of Radiology at the Univer- 
sity of Florida is offering several 1-yr, postres- 
idency clinical fellowship positions beginning in 
July 1993 and July 1994. Angiographic suites are 
available (2 have Philips C-arms with 1024 ADAC 
digital), and a new Toshiba vascular lab. The dept. 
has intravascular ultrasound color-flow Doppler 
and angioscopy equipment. Training includes all 
interventional procedures (vascular, biliary, urolo- 
gy, etc.), as well as experience with investigational 
devices such as COs, angioscopy, atherectomy, 
and holmium lasers. An animal laboratory, a full- 
time veterinarian, and an instrument shop are 
available. Applicants must be eligible for licensure 
in the state of Florida. For further information, con- 
tact Irvin F. Hawkins, M.D., Professor, Dept. of Ra- 
diology, Box 100374 JHMHC, Gainesville, FL 
32610-0374; (904) 395-0291. The University of 
Florida is an equal opportunity/affirmative action 
employer. 3—6c 





tee 


FELLOWSHIP IN PEDIATRIC RADIOLOGY, UNI- 
VERSITY OF FLORIDA—The Division of Pediatric 
Radiology in the Dept. of Radiology at the Univer- 
sity of Florida offers a 1-yr fellowship training in pe- 
diatric radiology, starting July 1993 and July 1994. 
Three full-time pediatric radiologists provide train- 
ing in conventional radiology and fluoroscopy, ul- 
trasound, neonatal imaging, CT, MRI, and 
interventional/angiography techniques. Supple- 
mental training in nuclear medicine is available. 
Facilities include dedicated standard r/f rooms, 4 
color-Doppler ultrasound machines, 2 GE CT units, 
3 MR units, ICU electronic image transfer, and 
computed radiography (CR). Opportunity to partic- 
ipate or conduct clinical and basic research is avail- 
able. Applicants must be eligible for licensure in 
the state of Florida. Contact Jonathan L. Williams, 
M.D., Director of Pediatric Radiology, Dept. of Ra- 
diology, Box 100374, University of Florida, Gaines- 
ville, FL 32610-0374; (904) 395-0291. The 
University of Florida is an equal opportunity/affir- 
mative action employer. 3—6c 


FELLOWSHIP IN BODY IMAGING AND INTER- 
VENTIONAL RADIOLOGY, USC SCHOOL OF 
MEDICINE—Commencing July 1, 1992, a position 
is available for a board-certified radiologist to re- 
ceive fellowship training in MR, CT, ultrasound, and 
interventional procedures guided by those modali- 
ties in the Dept. of Radiology, University of South- 
ern California. This program offers superb training 
supervised by academically productive faculty in a 
rich clinical setting. Excellent opportunities exist 
for supervised hands-on training in MR, MR an- 
giography, CT, CT-guided procedures, ultrasound 
(including color Doppler sonography), and ultra- 
sound-guided procedures. The Dept. of Radiology 
has state-of-the-art and prototype equipment in all 
modalities and offers excellent opportunity to 
achieve expertise in body imaging and related in- 
terventional techniques. Interested candidates 
should contact Philip W. Ralls, M.D., Chief of Body 
Imaging and Interventional Radiology, LAC/USC 
County Hospital, Box 631, 1200 N. State St., Los 
Angeles, CA 90033; (213) 226-7207. USC is an 
equal opportunity/affirmative action employer. 3cp 


A FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRI is available July 1, 1992, to June 30, 1993, 
at The New York Hospital-Cornell Medical Center. 
The dept. provides state-of-the-art equipment, in- 
cluding Acuson ultrasound, GE 9800 CT, and GE 
Signa 1.5-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrectal. 
Applicants should be ABR-eligible or certified. 
Send CV to Elias Kazam, M.D., Dept. of Radiology, 
The New York Hospital-Cornell Medical Center, 
525 E. 68th St., New York, NY 10021. 2-5c 


FELLOWSHIP IN PEDIATRIC RADIOLOGY—The 
Dept. of Radiology, Bowman Gray School of Medi- 
cine, Wake Forest University, offers a 1-yr fellow- 
ship in pediatric radiology beginning July 1, 1992. 
Training will include conventional radiology, neona- 
tal radiology, ultrasound, CT, MRI, and interven- 
tional techniques. Facilities include digital fluo- 
roscopy and PACS, ultrasound units with Doppler 
and color-flow Doppler capabilities, 6 CT units, and 
3 MRI units (1.5-T). Opportunities to participate in 
both clinical and basic research, including PET 
scanning. Contact Thomas E. Sumner, M.D., Dept. 
of Radiology, Bowman Gray School of Medicine, 
Medical Center Blvd., Winston-Salem, NC 27157- 
1088. 1-—3cp 
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FELLOWSHIP IN BODY IMAGING/MRI—New fel- 
lowship position. The Dept. of Radiology, Universi- 
ty of Massachusetts Medical Center, offers a 1-yr 
fellowship position in body imaging/MRI starting 
July 1, 1992. Training is offered in ultrasound, CT, 
and MRI. The position involves teaching of medical 
students and residents, with opportunity for re- 
search. The University of Massachusetts Medical 
Center is a 360-bed university hospital and medical 
school, located in Worcester, approximately 40 mi. 
west of Boston. The dept. consists of 24 staff, 13 
residents, 2-4 fellows and does approximately 
120,000 exams/yr. The hospital is a major trauma 
center and is serviced by 2 Life Flight helicopters. 
The dept. is well-equipped with 2 modern CT scan- 
ners, 2 1.5-T GE MR scanners, as well as a 2.0-T 
small-bore unit for animal research. The University 
of Massachusetts Medical Center Hospital is very 
active academically. Numerous radiologic, clinical, 
and basic science conferences are scheduled on a 
daily basis, and there is ample time during the 
course of the yr to attend many of these presenta- 
tions. The fellowship position carries the title of in- 
structor in radiology. For further information, 
contact Ashley Davidoff, M.D., Director, Abdominal 
Imaging, or David Stark, M.D., Director of MRI, Uni- 
versity of Massachusetts Medical Center, 55 Lake 
Ave., N., Worcester, MA 01655; (508) 856-3154. 
The University of Massachusetts Medical Center is 
an affirmative action/equal opportunity employer. 
3c 


SPECIAL IMAGING FELLOWSHIP—The Johns 
Hopkins Hospital, Dept. of Radiology, is offering a 
unique opportunity for a yr of excellence in clinical 
and/or research in medical imaging starting July 1, 
1993. Active body CT service (>16,000 studies/yr) 
on state-of-the-art equipment with special areas of 
interest including oncology, immunocompromised 
host, inflammatory bowel disease, and 3D imaging. 
Research in imaging includes image processing of 
CT and MRI data using PIXAR image computers, 
Sun workstations, and NeXT and Apple computers. 
The candidates will be able to devote a significant 
portion of the yr to research and will be a spon- 
sored fellow of the Winthrop Research Fellowship. 
Interested applicants should write or call Elliot K. 
Fishman, M.D., Dept. of Radiology, The Johns 
Hopkins Hospital, 600 N. Wolfe St., Baltimore, MD 
21205; (410) 955-5173. 1—4cp 


INTERVENTIONAL MAMMOGRAPHY AND 
BREAST IMAGING FELLOWSHIP—The Univer- 
sity of Arizona is offering a flexible 1-yr fellowship in 
interventional mammography and breast imaging 
for 1992-1993. The section performs more than 
12,000 mammograms/yr and over 500 breast inter- 
ventional procedures, including percutaneous ster- 
eotaxic breast needle biopsy, preoperative 
localizations, and galactography. Equipment in- 
cludes 6 state-of-the-art mammographic units and 
3 stereotaxic devices. The fellowship will include 
20% academic/protected research time, and up to 
4 mo could be spent in other areas of body imaging 
(CT, ultrasound, or MRI). We have active research 
programs including clinical, basic science, and 
technology assessment/outcome analysis re- 
search related breast imaging. Other benefits in- 
clude relocation allowance, office space with 
computer, and funds to attend national meetings. 
Salary $37,500. Must be BC/BE. For further infor- 
mation, please contact Laurie L. Fajardo, M.D., Di- 
rector, Mammography and Breast Imaging, 
University of Arizona, 1501 N. Campbell Ave., Tuc- 
son, AZ 85724. Application deadline is April 1, 
1992. The University of Arizona is an equal oppor- 
tunity/affirmative action employer. 1—3c 
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FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Philadel- 
phia offers the following fellowship programs each 
yr: (1) Ultrasound/CT/MRI—Jefferson's ultrasound 
division is 1 of the largest in the world and performs 
all currently available exams, including obstetric, 
vascular, lithotripsy, invasive, and endoluminal. 
We also operate 4 GE 1.5-T MRI units and 3 CT 
scanners. Contact Barry Goldberg, M.D., regard- 
ing this program. (2) Cardiovascular/intervention- 
al—this division is housed in a new suite containing 
Philips angio units with DSA and performs the full 
range of vascular and nonvascular interventional 
procedures. Contact Geoffrey Gardiner, Jr., M.D. 
(3) Neuro/ENT radiology—very active clinical ser- 
vices supply a wealth of material to this division, 
which is housed in a neurosciences imaging center 
containing all imaging modalities. Contact Carlos 
Gonzales, M.D. (4) Breast imaging—Jefferson's 
new breast-imaging center performs approximately 
85 studies/day including ultrasound and needle lo- 
calizations. Contact Stephen Feig, M.D. (5) 
Chest—includes biopsies and CT. Contact Robert 
Steiner, M.D. (6) MRI—a dedicated body MRI pro- 
gram including excellent research opportunities in 
addition to a large clinical case load. Contact 
Donald Mitchell, M.D. (7) Ultrasound—a dedicated 
ultrasound program. Contact Barry Goldberg, M.D. 
(8) Musculoskeletal—includes MRI of the muscu- 
loskeletal system. Contact David Karasick, M.D. 
All program directors listed above can be contacted 
at the Dept. of Radiology, Thomas Jefferson Uni- 
versity Hospital, Philadelphia, PA 19107. Jefferson 
is an equal opportunity/affirmative action employer. 
3XC 


A FELLOWSHIP POSITION IN VASCULAR AND 
INTERVENTIONAL RADIOLOGY, beginning July 
1, 1992, and ending June 30, 1993, has unexpect- 
edly become available. It is offered to candidates 
that have recently completed a residency in radiol- 
ogy as well as those practicing radiologists who de- 
sire to return to an academic setting to acquire new 
skills in the vascular and interventional field. A very 
active dept. with up-to-date equipment provides an 
excellent opportunity for training in all intervention- 
al modalities. Contact L. B. Morettin, M.D., Direc- 
tor, Vascular & Interventional Radiology, University 
of Texas Medical Branch, Galveston, TX 77550; 
(409) 772-2498, fax (409) 772-3229. UTMB is an 
equal opportunity M/F/H/V, affirmative action em- 
ployer. UTMB hires only individuals authorized to 
work in the United States. 3-5c 


WAYNE STATE UNIVERSITY, BODY MRI FEL- 
LOWSHIP—The Dept. of Radiology, Wayne State 
University, is offering a new fellowship in body MRI 
commencing July 1, 1992. The MR Center in- 
cludes a 4.7-T animal imager and state-of-the-art 
1.0-T and 1.5-T magnets with a second 1.5-T to be 
installed in fall 1992; 1 whole-body magnet is dedi- 
cated to research. In addition, the physically con- 
nected Children's Hospital has a 0.35-T magnet 
dedicated to pediatric patients. The Medical Cen- 
ter has 1200 beds and broad referral base leading 
to a busy clinical service covering all ages and all 
body systems. There is an active research pro- 
gram in both imaging and spectroscopy with a full- 
time MR physicist, biochemist, and graduate stu- 
dents. The fellowship is a 1-yr program with a po- 
tential second yr for a fellow with strong research 
interests. Interested candidates should contact 
Renate L. Soulen, M.D., MR Center, Harper Hospi- 
tal, 3990 John R, Detroit, MI 48201; (313) 745- 
9542. 2-3c 
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MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 
1-yr musculoskeletal fellowship position beginning 
July 1993 at the Albert Einstein College of Medi- 
cine/Montefiore Medical Center (MMC). The mus- 
culoskeletal section at MMC works closely with the 
active orthopedic and rheumatologic services utiliz- 
ing state-of-the-art CT and MRI equipment to pro- 
vide radiologic consultation in all aspects of 
skeletal radiology. The fellowship experience 
would consist of a large plain film exposure along 
with CT, MRI, and arthrography. Opportunities in 
clinical and basic imaging research are offered. 
Address inquiries and CV to E. Stephen Amis, Jr., 
M.D., Chairman, Dept. of Radiology, Montefiore 
Medical Center, 111 E. 210th St., Bronx, NY 
10467. Einstein and Montefiore are equal opportu- 
nity/affirmative action employers. 2—4c 


FELLOWSHIP IN VASCULAR AND INTERVEN- 
TIONAL RADIOLOGY—The University of Arizona 
is sponsoring 1-yr fellowships in vascular and inter- 
ventional radiology beginning July 1, 1992 and July 
1, 1993. In-depth clinical experience and training in 
all aspects of interventional radiology will be of- 
fered. Facilities at the University Hospital (300- 
bed), and Tucson Veteran's Hospital (300-bed), in- 
clude state-of-the-art angiographic, CT, and MR 
units. Opportunities for research and teaching also 
provided. Interested applicants should submit a 
current CV and 3 letters of recommendation (in- 
cluding 1 from the program director) to Gerald D. 
Pond, M.D., Head, Section of Vascular and Inter- 
ventional Radiology, University of Arizona Health 
Sciences Center, Tucson, AZ 85724. For further in- 
formation, please contact Linda Fowler at (602) 
694-7136. 2—4c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—Applications are now being accepted for a 
musculoskeletal fellowship position for 1993 at the 
Cleveland Clinic Foundation (CCF). CCF is a 
1000-bed, tertiary-care, teaching medical center 
with a large radiology residency program. Local, 
national, and international patients provide for an 
interesting and varied mix of bone pathology. 
Training includes all aspects of musculoskeletal ra- 
diology, including MR, CT, arthrography, biopsy, 
bone densitometry, and a large plain film experi- 
ence. Fellowship includes patient care, teaching, 
and research. There is a close working relationship 
with the orthopedic, rheumatology, and endocrinol- 
ogy depts. There are presently 4 musculoskeletal 
staff in the section. For further information, please 
contact Bradford J. Richmond, M.D., Head, Section 
of Musculoskeletal Radiology, Desk A-21, 9500 
Euclid Ave., Cleveland, OH 44195; (216) 444- 
3931. 12—5cp 


FELLOWSHIPS AT YALE UNIVERSITY—The 
Dept. of Radiology at Yale University School of 
Medicine offers the following fellowships: Body 
MRl/ultrasound/CT—Three positions with focus on 
either MRI, ultrasound, or CT—Contact Ruben 
Kier, M.D. Abdominal imaging—Two positions that 
include both cross-sectional imaging and conven- 
tional modalities—Contact Ruben Kier, M.D. Tho- 
racic imaging—One position including mammog- 
raphy, lung biopsies, CT, and MRI—Contact Anne 
Curtis, M.D. Neuroradiology—Two 2-yr positions 
offered each yr—Contact Gordon Sze, M.D. Vas- 
cular/interventional—Two _ positions—Contact Jeff 
Pollack, M.D. Interested applicants should send 
their CV and 3 letters of recommendation to the ap- 
propriate program director at 333 Cedar St., New 
Haven, CT 06510. 2—3c 
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FELLOWSHIPS AT ALBANY MEDICAL CEN- 
TER—The newly renovated and equipped Dept. of 
Radiology at the Albany Medical College and Cen- 
ter in Albany, NY offers the following fellowship po- 
sitions each yr: (1) Abdominal Imaging—this 
fellowship encompasses all aspects of MRI, ultra- 
sound, CT, and other advanced techniques in im- 
aging the abdomen. Four state-of-the-art MRI and 
4 CT scanners as well as 5 color Doppler ultra- 
sound units are utilized daily. Contact James C. 
Peters, M.D. regarding this program. (2) Neurora- 
diology—This fellowship encompasses the full 
range of advanced neuro imaging including MRI, 
CT, angiography, and myelography. Contact Wil- 
liam A. Wagle, M.D. (3) Angiography and interven- 
tional radiology—Three advanced angiographic 
suites are utilized daily for a full range of vascular 
and interventional procedures. Contact Moham- 
mad S. Sarrafizadeh, M.D. All program directors 
listed above may be contacted at the Dept. of Ra- 
diology, A-113, Albany Medical Center, Albany, NY 
12208; (518) 445-3277 or contact Matthew D. 
Rifkin, M.D., Chairman, Dept. of Radiology, A-113, 
at the above address. Albany Medical Center is an 
equal opportunity/affirmative action employer. 1- 
12c 


FELLOWSHIP IN BODY CT/MRI/ULTRA- 
SOUND—The Dept. of Radiology of New York 
Medical College has 2 openings for a 1-yr imaging 
fellowship starting in July 1993. Westchester 
County Medical Center is a 650-bed, tertiary-care 
facility offering advanced training with state-of-the- 
art equipment. Equipment includes 2 Seimens Hi- 
Q' CT scanners, GE Signa 1.5-T MR, ISG 3D re- 
construction console, and 6 ultrasound imagers 
(Acuson and Diasonics). Applicants must have 
completed an approved residency in diagnostic ra- 
diology and must be board-eligible or certified. 
Please contact Michael S. Tenner, M.D., Professor 
and Chairman, Dept. of Radiology, New York Med- 
ical College, Valhalla, NY 10595; (914) 285-8546. 
1-3c 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO-IN- 
TERVENTIONAL—A 1-yr fellowship program is 
available beginning July 1992 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 492- 
bed, acute-care, university-affiliated hospital. The 
fellowship program offers training in CT (head and 
body), ultrasound, angiography (neuro and viscer- 
al), and interventional radiology. MRI experience is 
also available. For further information, contact 
Robert Kricun, M.D., Dept. of Radiology, Lehigh 
Valley Hospital Center, P. O. Box 689, Allentown, 
PA 18105. 1-3c 


PEDIATRIC RADIOLOGY FELLOWSHIP—Eo- 
leston Children's Hospital at Emory University of- 
fers a 1-yr fellowship in pediatric radiology 
beginning July 1, 1992. Training includes conven- 
tional radiography, digital fluoroscopy, ultrasound 
(including color Doppler), CT, nuclear medicine, 
MRI, neuroradiology, and interventional tech- 
niques. Egleston Children's Hospital is a 225-bed, 
tertiary-care, pediatric hospital on the Emory Uni- 
versity Campus that performed 50,000 imaging 
studies in 1990. The dept. is staffed by 7 pediatric 
radiologists and 1 pediatric neuroradiologist. Two 
fellowship positions are available each yr. The ap- 
plication deadline is April 1, 1992. Candidates 
must be board-certified or eligible in diagnostic ra- 
diology. For additional information, please address 
inquiries to Dr. Turner Ball, c/o Radiology, Egleston 
Children's Hospital, 1405 Clifton Rd., N.E., Atlanta, 
GA 30322-1101. Egleston Children's Hospital is an 
equal opportunity/affirmative action employer. 12- 
3c 
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CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY FELLOWSHIPS—The Johns Hopkins 
Hospital has a position open for its 1-yr CVIR train- 
ing program beginning July 1992. The program 
has been redesigned to provide strong clinical ex- 
perience in a wide variety of vascular and nonvas- 
cular interventional procedures including 
angiography; angioplasty; percutaneous atherec- 
tomy; intravascular ultrasound; thrombolytic thera- 
py; varicocele, tumor, and AVM embolization; caval 
filters, percutaneous central venous catheter 
placement; percutaneous abscess drainage; and 
complex urologic and biliary intervention, including 
percutaneous biliary endoscopy and biliary 
atherectomy for biopsy. In addition, daily morning 
conferences, a private CVIR patient admitting ser- 
vice, and a weekly vascular clinic strengthen the to- 
tal patient care concept of this program. Superb 
interaction with both the vascular surgery and gen- 
eral surgery services help to facilitate an under- 
standing of the evaluation, care, and treatment of 
CVIR patients outside the dept. Research time for 
both clinical and laboratory sciences is available. 
The candidate will also participate in resident and 
medical student teaching. Our dept. is currently 
undergoing major renovations, with planned up- 
grades including a new room with a Siemens An- 
giostar, giving us 3 dedicated CVIR rooms and 2 
shared rooms. Our division includes 6 full-time 
staff, 19 dedicated technologists, and 5 full-time 
RNs performing over 12,000 exams/yr. Interested 
candidates should contact Floyd A. Osterman, Jr., 
M.D., Chief, Division of CVIR, The Johns Hopkins 
Hospital, 600 N. Wolfe St., Baltimore, MD 21205; 
(301) 955-5687. 12-3cp 


NEURORADIOLOGY FELLOWSHIP—An unex- 
pected opening for a neuroradiology fellow is avail- 
able in the Dept. of Radiology at Thomas Jefferson 
University Hospital beginning July 1992. The Divi- 
sion of Neuroradiology has close clinical and re- 
search relationships with Jefferson's very active 
neurology, neurosurgery, orthopedic surgery, and 
otolaryngology depts. Complete training in ENT ra- 
diology is part of this program. Six full-time faculty 
members currently staff this division. Clinical facil- 
ities include 2 dedicated CT scanners, a myelogra- 
phy room, a biplane angiography room with DSA, 
and 4 GE 1.5-T MRI units. Contact Carlos Gonza- 
lez, M.D., Director of Neuroradiology, 1009 Main 
Bldg., Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107; (215) 955-5447. Jefferson is an 
affirmative action/equal opportunity employer. 11- 
6c 


FELLOWSHIP POSITION—The Dept. of Radiolo- 
gy, Division of Cardiovascular/Interventional Radi- 
ology of the Brigham and Women's Hospital/ 
Harvard Medical School has an opening for 1- or 2- 
yr position beginning July 1992. We are also con- 
sidering applications for 1- and 2-yr fellowships 
starting July 1993. The Division of Cardiovascular/ 
Interventional Radiology is a state-of-the-art train- 
ing program in peripheral angiographic techniques, 
vascular and nonvascular interventions of all types, 
vascular ultrasound, and cardiovascular MRI. 
Some cardiac catheterization and coronary angiog- 
raphy is included. Research time is available for 
participation in original or ongoing clinical and/or 
laboratory projects. Please send CV to Kris Kan- 
darpa, M.D., Ph.D., Co-Director, Division of Cardio- 
vascular/Interventional Radiology, Dept. of 
Radiology, Brigham and Women's Hospital, 75 
Francis St., Boston, MA 02115. Brigham and Wo- 
men's Hospital/Harvard Medical School is an affir- 
mative action/equal opportunity educator and 
employer. 11—4c 
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RESEARCH FELLOWSHIPS IN INTERVENTION- 
AL RADIOLOGY—Two 1-yr positions are avail- 
able at Allegheny General Hospital, a 746-bed 
teaching hospital in Pittsburgh, for a research fel- 
low in an innovative program in interventional radi- 
ology research beginning July 1992 and 1993. The 
fellow will participate in imaging studies directed at 
ablation of tumors in the liver, prostate, lung, and 
brain. Percutaneous methods of removing herniat- 
ed disks also are being pursued. Clinical responsi- 
bilities will be included as well as opportunities to 
pursue individual research interests. Candidates 
must be board certified/eligible in radiology. Please 
send CV to Dr. Gary Onik, 320 E. North Ave., Pitts- 
burgh, PA 15212. 11—4cp 


Tutorials/Courses 


ALASKA 1992-CRUISE THE INLAND PASSAGE, 
BREAST IMAGING AT SEA, JULY 4-11, 1992, 
AND MRI AT SEA, JULY 11-18, 1992—Medical 
Seminars International, Inc., 18981 Ventura Blvd., 
Ste. 303, Tarzana, CA 91356; (818) 774-9077, fax 
(818) 774-0244. 2-6d 
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Keep It All Together 


Easily and Conveniently with 
Bound Volumes of the 
American Journal of Roentgenology 


Keeping up with scientific and technologi- 
cal advances in radiology is more impor- 
tant than ever, and that’s why each issue of 
the American Journal of Roentgenology is 
packed with up-to-the-minute information 
crucial to you and your practice. Keep 
this important resource together for 
easy reference in convenient and attrac- 
tive bound volumes. 





Bound volumes offer the timely coverage 
only a journal can provide — penetrating 
discussions of the topics that interest you 
most by the brightest names in the field — 
with all the durability and convenience of a hardcover edition. You’ll have a 
year’s worth of vital information all arranged and indexed in one sturdy source. 
And each carefully crafted volume will make a handsome addition to your per- 
manent library. 


To help you keep your reference library up to date, once a year we'll send a 
reminder so you can order the latest bound volumes. When you send in your 
paid order, a set will be reserved for you, to be sent as soon as available on 30- 
day approval. If you do not want the volumes for any reason, simply return 
them within 30 days for a courteous refund. It’s that easy. 


Bound volumes are available to subscribers only and are in addition to the regu- 
lar subscription. For ordering information, contact AJR Subscription Fulfillment 
Department, 428 E. Preston St., Baltimore, MD 21202-3993, or call toll-free 


1-800-638-6423. 


OBJECTIVES 


© Improve basic knowledge and clinical skills in radiology 
® Assist residents and fellows to study efficientiy 

© Prepare recent graduates to meet their next milestones 

® Provide practicing radiologists with a review and update 





"The faculty was 








The Osler Institute 


Radiology Review Course 
May 25-30, 1992 — Louisville 
September 24-29, 1992 — Chicago 


outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well, "* 


METHODS 





® HOME STUDY MATERIALS consisting of written questions 
with assignments and answers with explanations 

® SEMINAR with projection slides and syllabus 

® PRACTICE EXERCISES for your orals 


"Accommodations were comfortable...."* 


COURSES AND LOCATION: These 

















(800) 356-7537 or (812) 299-5658 
* Comments by past Osler participants 


: : Michael Blend, Ph.D., D.O. | courses are designed, scheduled and located to 
Radio logic Physics Mammography University of Ilinois, Chicago serve the needs of radiology residents and 
Radiation and Radiology Genitourinary Bill Eklund, M.D recent graduates. Home study questions are 
X-rays and Imaging Kidney and Ureter University of Ill Peori sent upon registration. The courses include 
Fluoroscopy & Tomography Bladder and Pelvis ey ee both lectures and question sessions — faculty 
Computed Tomography PrO Uiaehend Adam Flanders, M.D. and students both questioning and answering 
Ultrasonography Chis. cai uiuo Uai Thomas Jefferson University | in practice for aps m <n Spring 
Magnetic Resonance Imaging Harry Griffiths, M.D. courses are more clinical. Fall courses are 
Quality Assurance Bones and Joints University of Minnesota more written-oriented. Your best value is to 

i Tumors and Trauma i repeat the seminar for half price. 
Nuclear Radiology kiaii ani Padah Fernando Gutierrez, M.D. 
: vergi " „and those little eatras...."* 
Decay and Detectors Infection and Dysplasia Washington University e. eee 
Statistics and Instrumentation A fticular Disorders Kim Han, M.D. DISCOUNT AIR FARES: Please call toll- 
Radiopharmaceuticals free (800) 548-8185 for special group fares. 
Quality Contol and Licensure Neuro., Head and Neck S000’ 1 sil ee 
Fasori Seana wad Re Skull and Contents Peter Jokich, M.D. " the most education for the money."* 
GI, GU, Bone and Brain Spine, Disc and Cord eer FEES AND CATEGORY 1 HOURS: 
Liver, Spleen and Lung Temporal and Facial Bones Stephen Karesh, Ph.D. Physician or Resident: Phy. Res. hrs. 
Ga, In and Heart Sinuses, Larynx and Neck Loyola University of Chicago | @ May 25: Radiologic Physics $135 $ 90 10 
Chesi Pediatric Martin Lazarus, M.D. ® May 26-30 : Clin. Rad. $660 $449 SC 
Gist aad Cavill Pediatric Chest University of Illinois, Chicago | ® May 25-30: Full Course $780 $520 60 
Nodules and Masses Cardiovascular System R. MacPherson, M.D. "i Repeating wane 2years: $390 $390 60 
hiaidli Gastrointestinal Tract Med. Univ. of South Carolina | * Mock oral exam: 3 03 D ie 
Cenia Titi ® Private mock oral: $100 $100 1/2 

Cardiovascular y Debra Monticciolo, M.D. | © Add 10% within 10 days of the course. 
Heart and Aorta insane JONN a Rush Medical College © Attendees not in course hotel add $20/day. 
Coronary Arteries . abioian Robert Seevers, Ph.D. ® $50 will reserve your position. 
Peripheral Arteries FACULTY Michael Reese Hospital © Most home study material will be mailed after 
Echocardiograph Teresita Angtuaco, M.D. Demetrius Spigos, M.D. half of the registration fee is received. 

m ee yi she Sp , ® Subject to a $50 fee, refunds will be made 
Gastrointestinal niversity of Arkansas University of Health Sciences asii the svanir Venton 
Esophagus and Stomach Behrooz Azar-Kia, M.D. William Wehunt, M.D. 
Small Bowel and Colon Loyola University of Chicago George Washington University "home study material was extremely helpful. ”* 
Liver and Gallbladder Solomon Batnitzky, M.D. Judith Wolfman, M.D. ACCREDITATION: The University of 
Pancreas and Spleen University of Kansas Michael Reese Hospital Illinois College of Medicine is accredited by 
p seeaeeaeeaae Seeeeeeeaeeeee SSSSee ee eeeeeeeeeeeeeseeeseaeeeeeaeee eeecee ee eee eeeeeeeeeeeeeeee ~ the Accreditation Council for Continuing 
: Limited Enrollment: RADIOLOGY REVIEW REGISTRATION : Medical Education to sponsor continuing 
: : medical education for physicians and desig- 
Name * nates this continuing medical education activ- 
: AAs ' ity for 60 credit hours in Category 1 of the 
o : Physician’s Recognition Award of the Ameri- 
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If, like most Radiologists, 
you spend 30% or more of 
your day handling films, 
let us show you how 

S & S Motorized Viewers 
eliminate those COSTLY 
WASTED HOURS! 
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Model MV216 





e From 48 up to 324 14” 
x 17” films can be pre- 
loaded and stored in 
proper sequence to be 
recalled when needed 
for viewing in as little as 
7 seconds—by simply 
pressing a button! 


e All 12 models feature 
illumination brighter 
than most other 
viewers, plus individual 
panel light controls 
which promote viewer 
concentration and 
increase reading 
efficiency. 


1 e Some models feature 


an optional “floating 
bright spot” which 
illuminates dense area 
—at the touch of a 
button. 


e Optional remote 
controls eliminate need 
to stand directly infront 
of viewer to operate it. 


e Smaller capacity units 
on casters provide 
room-to-room mobility 
as needed. 


e Specially dedicated 
models are also 
available for 
MAMMOGRAPHY, 
ULTRASOUND, CT and 
NUCLEAR FILM 
VIEWING. 


Ideal for Teaching, 
Lecturing or Consultation, 
S & S Motorized Viewers 

turn waste into efficiency. 
How much is YOUR time 
worth? Call S & S or your 
local x-ray dealer today. 
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800/347-XRAY 
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